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the Pennsylvania Department of Educat n (PDE) embarked
l-;on a statewide thrust to assist elementary teachers in a transition jf.

-

Eﬁinto some’ of the newer methods of teaching science. This effort was B

i’icalled Science for the Seventies (PDE 1971) In l972 The 'y h:,gb:usi

Lo . s . ".4- i ‘s ]
' .Pennsylvania State University and PDE devised a system for using gq,

instructional télevision as a‘maJor resource in the disseminatfon X

:and implementation of Science for the Seventies (SFTS) fof elementary

o - o

school classrooms throughout Pennsylvania. (Shrigley, Alfke, Szabo,

and Welliver, l975) o I .
e . : , A T S P
B g It-encompasses a teacher's guidelwhich'deals With.the,pedagogy“:

"_of contemporary elementary science education, a growing set of primary

'Z,and intermediate grade science lessons, ten fifteen-minute televised

El

rograms for use w1th primary grade stugents,,ten twenty-minute f._‘h




Ny ' " N v. * .t ‘ - . .- . » 7
ffﬁ;qf,:ﬁé resouroe'(PDE, 1975). The furction of SFTS in the science

.*- curriculum is ‘summarized as having tWé fcllowing role:
oo ., S¥TIS, including both’the PV components$ and the primnted .
3 + materials, is not-a K-6 science: currdicul m;' rather, it
—_— ~ is a resource for: teachers. - The philososﬁy of-SFIS is |, *
" - . - compatible with such. inquiry programs as SCIS, ESS,
. -- and S-APA. Thererore, SFTS: could serve as either a .
.. 'bridge oqn%’supplement to»any of the three. programs '
- ' mentioned‘”“ ' e
) A& Secondly, SFTS: could be the model around which'a . ‘-
iy ' school district could—build, over the years, a K-6 &
inquiry-type science curr‘culum This would meanm .
adding many lessdn components to the 25 published bv <
" PDE. #- Tl (\§" T _ .o .
i Thirdly, SFTS could be the inquiry component to a. =
s conceptually oriented science curriculum.. Teachers
could pick and choose thkose lessons that re1nforce ’
an already established curriculum -
Fourthly, the SFTS tapes and the accompanying’lessons,
plus SFTS lessons published but not placed gn tape,
, comprise, enough materials to provide a four-month : "> &
springboard to science for new pr1mary grade teachers .
-in a school district.> Or a-school distrdct having no
:ong01ng¢sc1ence curriculum might introduce all of 4dts .
- primary teachers (and. pernaps intermediate teachers)
;- and pupils to investigateé science teaching through the . _.
/’ four-month SFTS resource. (Shrigley, et al. 1975, p H01)

[

.

One 'of . the stated obJectives of this statewide ITV resource .

r e

o S . » . j
. :emphasizes science processes: - : //’<T’“ .
SR ' r

Following- the b:oadcaSting of SPFTS oriented tele-
- vised lessons; children in participating, class- . |
t rooms will exhibit a measurably s1gnif1cant increase
B . in their fagility in the use of science processes. '
TR (SFTS Phase I Project Report, 1974, p. 2l)

<

Relative to the. above tdrminal performance obJecfive, a tentatlve

. : o o /
. projected performance -measure was drafted:

-




S N ",'-v . . ,""; . r : . . ,
+ A& 'televised test will Teveal increased. student - R
. competency in the use of science processes and . '
attainment of aims and objectives. of SFTS.

7-'(SFTS Phase I ProJect Report,, 1974, p. 24)

h‘f fh' Several tests have been developed to. assggs the acquisition of

-~

those skills and’ abilities collectively described as science process.

~r !

b

Y K

..Some of the tests are.the S—APA (Science - A Process Approach),

. ..
R

! 2 \‘ K N — . |

,1,.Science<Process Instrument (SPI), American—Association fo: the 7 —_
. .t . ’ . . - . ., Y
Advancement of Science, 15705 the Processes of Science Test, "‘H';‘,""
o N - ' -

Biological Science Curricdlum Study, 1962\\The Science Process Test e

(TSPT) Ludeman, l974, the Science” Observation and Comparison Test .

L « e

(SOCT) Hungerford and Miles, 1969; the Science'Test~for Evaluation of

AN

- e a'

Process Skrils (STEPS), Morgan l97l' the-Test of Sclence Processes (TSP),_

[N

. -

/{Iannenbaum 1968 and the ‘scieuce test of the Comprehgnsive Tests of

& . -

. Basic-SKills (CTES), McGraw-Hill, 1973. R

Once the decision to use a test of science. processes to gathe? dataa

B

'about 1ntermed1ate grade school children in Pennsylvania was made’ by ‘q

members of the Srience for,the Seventies Committee, several tests were

investigated for possible us®. No test reviewed posseSSed the -
: . ' € s .

. L. L ® O I - ‘ o
N combined.reqtirementS'of being valid for use by intermediate level-,

“

. . . N - . . . . . . . . F) _. ;-' c
students ‘and for use via the television medium. - However, the availdble.-

testi purporting to measure science processes, the Test of Science

LI

4 s '
\Processes (Tannenbaum, 1968) was Judged to be adaptable for 1ntermediate
' S ' P . L

grade uSe~because 1t was an 1nstrument at least/possessing content
_ validity. (See Appendix A for letter of releaseu) Also the processes
. . R

" categorized as subtests by the author encompassed most of the processes

o . " X L .
A ‘ PR | ‘ - e | .
. . . ) ) ‘ -
‘ ’ . L ! . “,,'x
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?listed by science. educators _ Most applicable to the?SFTS objectives - -

'was its visual presentation mode ‘which had implication for thp

v television format. A telev1sion format has. the advantage of

o .

’ -providing repetition, clarification .aind motion cues ‘to the o

{questioning procedure - There were two reasons why the Test of-Science

o bt . oo ‘ \

Processes in its originLl form .was not appropriate for use as the assess—

ment lnstrument for the SFTS (l) the test was designed for Juni\r\high

school level, and (2) it was designed for 2x2 35mm slide presentation\

‘AV R

Statement of the Problem

]
Cn

Because television iS'a maJor component of the SFTS reskbrce, it

,was logical for a test to be produced in the czame medium. ‘} televisioh

" test would complimeht the total SFTS television package, would‘provide \\y

[y

‘a free testing resource “to teachers and administratorgi and would

.provide uniformity in test admin stratlon Television provides ‘the
Q J

- Ieast expensive delivery system for:the presentation of the visuals

required in the testing situation.

. ,—\

There are two aspects to the problem investigated in this study
( ot
First, could the Test of Science.Processes be modified for use by -

intermediate leved students; and second, could the TSP be adapted

for use through the medium of television? The adaptation of an

-

.existing instrument involved a replication of the steps used to create‘
the initial'instrument as well as the,addition of several new steps

unique'to the production of the second instrument. These.steps were

LQ

nto derive content validity, to produce the print and non-print

. L L ' o 1%};

N\



.

“7Agbmpdhents, to establish the reliability through item analysis, to

s;-;éﬁpiricaily validate and to establish norms.

- Aséumptions

. Certain assumptions must be stated in order to justify the

' modifications and aéaptatiqn of the Test of Science Processes.
. . ‘ ~ .

. Selection of item cortent as content valid process questions rests

. : . . 7
on the assumption that the TSP is a reasonably reliable and‘yalid
instrument for assessing achievemegﬁ im the use of science’ processes

for students in grades seven, eight and nine.

Validation of the modified instrument, the Television Test of

Science Processes (TTSP), requires correlation with other instruments
purported to measure science processes. The tests used for this study

were The Science Process Test (Ludeman, 1974)nand the Comprehensivev

Tests of Basic Skills, Test 9 (McGraw-Hill, 1973). A statement of

concurrent valicity is built on the assumption that The Science

Process Test is a reasonably reiiable and valia instrument which

assesses students' ability to use the integrated processes of inter-

preting data, controlling variables, formulating hypotheses and

o

'defining operationally as defined by S-APA. " A third assuﬁptiod is

that ‘the science test of the Comprehensive Tests of Basic Skills is

a reliable and valid instrument which assesses student's ability to

investigate problems in science and, to a lesser degree, to recall
. 4 ‘

scientific facts or concepts.

14_
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f cﬁe Project ,
evision Test of Science ?fSEesses (TTSP), rélative'to the
the Seventies ITV resoufdé, has sevefalwpotential

1)-p;qyide pPretest entry datg in an empirical study to .n.
ef fectiveness of §FTSIexposure; (2)gsﬁrvey general student

rformance on science processes on a statewide scale, and -

additional evaluative instrument to assess mastery of
1

esses.
re general sense, pr;duction and validation of the TTSP
sefulladdition to the smali number of tests of scieﬁce
ailable to éduca;ors. The insfruﬁeﬁt is unique in_its
hality; It should be a valuable resqurcé for elementary
hers and administrators, researchgrs in elementéry_sciéﬁqg~
nstructional developers_working with television.projégts

'y science, and shohld’prdvi@e a valuable source.of(?atdu

ng research in elementary science, process té%;ing, and

:esting. ' _ : : .

»f Terms

ds - Electroﬁic Data Processing cards, commgnly called
:ic Density -- a‘method of generating a readaéility measure
use of a computer program that syﬁthesizes'phrase and 
iIstruction. . ’

i —— the skill and cémpetency required for systeﬁatic

lnvestigation. ]_5




] ,":3..:@':._.‘.. i Lo . .
~ Product -- the content or body of cognitive knowiedge of'a
'disciplipe.

Muitiplexer systém — the hardwafé'used to enable a television

~

" camera to receive images from several projeciion sources.

Cross-channel fedundancz,-- the presentation of iden:ical“

infogmatipn'tﬁrough the auditory and visqal'chaﬁnels.

14




CHAPTER-II
REVIEW OF RELATED LITERATURE

>

Introduction

- This review of literature.surveys'those topics deemed mo;t _

relevant to the central elements of the project. No attempt was -

madeto review the literature relative to aspects of the methodology
of test construction. Tannenbaum's format fhr'test development is

the "blueprint"” or two dimensional matrix suggested by TfaQeré_(l9SQ).

o

This aspect of'fhe project is replicative in nature.
The present review fs_subdivided into g;Xe sections: the.value

of teaching science processes, defining science processes, tests of
4 ° s . “ 1y )

-4

‘science processes, the Test of Science Processes, and television .

v °

‘testing. The first area of revieﬁ'explores the pedagogy relevant to

n»

‘. “

_sciencg processes. If the process is to‘be tested, a;éase musﬁ béf
built supportive of the process as a variable Qorfhy pg.agseSSment.
Tﬁe'value of the testing instrument rests wholiy on its ability to
' confribute to the needsfo} relevant educationai problems. ‘Ennis (1963)
_suggests that process abilities require new approaches to tésting. |
. A second area of review deals with the meaniﬁg of science
processes. In order to test these processes, fhere must be general
. égreemgnt as to what constitutes these processes in total or in.f
discrete componeﬁts. Certainly, content validity gah”be acceptablé

to the academic community only to the extent that there is agreement

on what constitutes science processes. : " ‘

17

<




;eSpecially suited to the needs of SFTS.

A fourth area is a review of the Test of Science Processes (TSP)
;Whereas this. instrument ‘is centra1 to the TTSP in both theory and
thntactice, an .in-depth understanding of the rationale and methodology o
- of. the TSP contributes to the data base underlying the. entire projAct.‘
The(fifth area of review»is televisjion testing. A,survey of
E ‘television testing to date provides yaluable input‘for presenting a

.

| testing situation via television.

The Value of Teaching Science Process

- . :

In récent years, science process as a discrete‘entity or as-a

" collection of unique end identifiable variables has become,e subject
of'much\educational interest. Some scientists and educetorsahave-used
such.terms.es ﬁqﬂ;1em soiving, discovery iearning; or inquiry to"
characterize the science processes (NSEE, 1960; gessen;_19o4;
Blackwood,;}964). Regardless"of the terminology used, an attempt to

, differentiatc the two kinds of learning has been made; that of

"product" and "process. The distinction between the product and the

[

process of a discipline is stated as:
The traditional aim of instrugtion has been know-
ledge. "Psychological research into learning,.
however, has found the need to consciously develop
. a system in the learner whereby he can learn.
.. This 'process' of learning, the skills and attitudes of

s
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»
»

.
0

learning, has. come to the forefront in modern
eddcational research. as a goal equally as impor- °
tant as the attainment of the desired knowledge =~
the 'produst’. (Torrence, 1969, p. 12)@?
B . ) _ - ' £ T
It is generally agreed that the introduction of science process.
~ 'into the modern science curriculum is an innovation which has occurred‘

‘r'recently Contrary to this belief however, is anlassertion made by
T_.Harvey (1902) which expressed ‘the belief that the procedure of
investigation was ‘the most significant contribution to education made
by scieuce and that these procedures'had additional value in_being
able to be applied to other areas of human activity. ”
Raskin (1956) “and Rutherford (1964) have emphasized the under-
standing_of the nature of”science by stating that critical thinking,
problem solving, discovery; inquiry, andlotherhscience.processesriv
;should be foremost in the teaching of sciencer Gruber.(l962) states
that educators should allow the student to.experience the_science

-

Aprocessesiin order to learn how science’knowledge is obtained. In:
- Gruber's view, instruction'in the accumulation of facts would limit
- intellectual development and impair a,student's.abilityvto solve
problems. | | |
’Evans (1953) advocated the teaching of science process as it is
~related to science technique and knowledge. Separation of knowledge
'. and process would not only dilute the functional value of scientific
knowledge already established ‘but would 1nhib1t the dissemination
‘'of the science processes. Blackwood (1959) believed that students )

ekiiled in the processes of science could become more sc1entif1c in

problem solving. = ™ | ‘
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The objectives of science teaching should logically S
‘eminate. from our operational definition of ¢ sciegsf.,,ﬁ-.;;&
5If srience means primarily organized knowledge,i

y Would be the major activity wit ichi'scie
teachers and students ought to be“, {

abilities and skills,‘then teaching and learning
situations conducive to ‘the: attainment o f-such’::
abilities and ‘skills’ ought ‘o constitute a maJo’ e T
aspect of science teaching.; (Nelson, p 20) {L”N".”‘f PR

Al o A}

\Ic\can be argued that if emphasis is placed on the how and why in an.
T

~1_

-..atmosphere of- inquiry and investigation, the students will then be

. . 1
—
—.

“‘encouraged to develop resourcefulness in the solution of new problems

-

~

;yconfrontlng them outside the classroom. — R )
‘\

2
T——

\
Piaget has had a substantial impact on educators.‘\Following are-
\\

S ———

© some of Piaget s comments, in respect to the aims of education and

the importance of teaching 'process"
The goal in education is.not to increase the amount
of knowledge,’ but to create the possibilities for a :
_child to invent and discover.. __«s.the principal goal - .
of education is to create men who -are capable of Co
doing new things, not simply repeating\what other-
_ generations have done -- men who are creators,
- ~ inventors, and discoverers. ...we need pupils~\

' who are active, who learn early to find out by ~ -
u : themselves, partly by their own spontaneous T
- activity and partly through materials we sgt up for \7\\_
v them; who learn carly what is verifiable and what is NG
'sﬂmply the first idea to come to-them. , R
(Duckworth, 1964; pp. 174-175) =~ . o !

Tyler (1962) advocates the importance of the mastery and use of
the science processes as tools which the individual uses throughdut

his lifetime *in order to "make sense' out of the_universe:

- 20




If students are to understand science and contri-
bute to its intellectual development, they need -
to understand it as a process of continuing. = e
inquiry and reconstruction of knowledge. ....a .
science course becomes an introduction in 'Iearning

- how to learn' science, an effort to start the

- - student on a lifelong: endeavor to make sense out of

his experience with the mater1al world, and the
observations made of natural phenomena, ‘as well as

L environment. (Tyler, 1962, Pe 24)

Bruner (l96l) also advocates the importance of teaching science

process, but . questions what should be taught in order to gain the

best_effects: i o
) "' It is my hunéh that it is only through the
- - exercise of problem solving and thé effort of
. discovery that one learns the heuristics of
. discovery, and the more one has ‘practice, thefn o
, , more oné is likely to ge neralize what one has e
learned into a style of problem solving or ’
o ~ inquiry that seérves for any kind of task one may
”encounter -- or almbst. any kind of task,. ...what.
is. unclear is -whaft kinds of tra1ning and teaching - °
o produce the’ best effects. (Bruner, 1961, p 31)

- Bruner feels that learning specific skills of science process is

.not enough. There are certain attitudes which one must. po sess in’

.. order to gain'use Of the science processes for application to other.

I4

problems that-may be encountered:
+..an understanding of the formal aspects of 1nquiry
is. not sufficient. There appears to be, rather, a
_ seri of activities, some directly related to a
C . partichlg;‘subject and some of them- fairly generalized,
that go th inquiry and research. These have to do

‘ .with the’ process of trying tp find out someLhing
(Ibid. p. 31)

N ' ‘
There is general agreementvbhat an emphasis on process should
e Ty

be implemcntcd in’ modernrcurrlcula\ This emphasis is exprcssed bj new

'
L]

//Zl N
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" curricular programs both in science and also in social studies.
; :vvi‘_‘ . : . . . ) . ) o
.~ While educators and learning theorists are in agreement -on the

5 ?benefit of including process in the curricnlum‘either as coequal

. ; g

with content or to the exclusion of £ontent at the elementary level

there appears to be basic differences in their perception of the . ’f“ﬂ

term "processF'_'

Defining Science Process:

’
. S

Many individuals haQe-attemptetho define sciencexprocesses. - As;

early'as 1892, Jevons (1892) stated:
In every act’ of inference or scientific method ° _f..
we are engaged about a certain identity, same-
“ ness, similarity, likeness, resemblance, analogy,

. equivalence or equalitj apparent between two

'obJects. (p. 1) A :

O .

Jevons characterized science procgsses as identity and difference,

Ty

1nference, inductivé and deduc&ive reasoning, measurement, observation,'

experimentation, hypothesis, prediction, andvclassification.

L4 -

Gagne (1968) defined’science process‘asva.highly complex set of

o

intellectual activities which are analyzable into simpler activit1eS'

e

and wh1ch then may be learned Processes are forms of information

~

processing, activities wh1ch are carried out in a quest for scientific
knowledge. Gagne believes\that in ‘order to attain the capability of
enquiry, an individual needs to learn how to observe, how to fiéure,
hom'to measure, how to erient things in space, how"to descrihe! how

to classify objects and events, how to infer, and how to make

& . - 3

=

o
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;Eaﬁaéﬁihal”ﬁodéls i these ‘skills are mastesed, the individual will

i_ usé thenm all his life PRI -

A
Curtis (1966) described science processes as tools which efiaple
man' s. abilities of. obeervation reasoning and Eommunication to be used
Nﬂe emphasized the applicability of these processes to other areas of
‘d endeavor. Atkin (1968) believed process to be the same as problem ‘
\:.solving, scientific method, and inquiry Conant (1953) defined the
'processes of science as activities, skills and tools ofﬁresearch which

1_'an individualnmay use in his investigations.

The American Association for the Advancement of Science (AAAS)
e —

(1966) listed eight skills and abilities as constituting the sciencé

processes: (l) recognizing_and us_ng time/space relationships,;_‘ b
}'(2) recognizing.and using.number“and ﬁﬁﬁbéi”féiéziahéﬁlﬁé,f;"“”““l”
' (3) observing,u(4) classifying; (5) measuring, (6)lcommunicating, -

{7) inferring,:and (8)'predicting. Shamos (1966) characterizéd

science processes as including: (l) observation, (2) classification,.

(3) measurement, (4) description, (5) comparison, (6) discrimination,

o

(7) experimentation, (8) evaluation, 9. interpretation and

) (lO) prediction.

-

Keeslar (1545)‘compiled a list of ten major.elements of the
scientific method" from lists submitted by twenty-two scientists at
the Univers1ty of Michigan. The elements were: ,(l).sensing\a problem,
€2) defining a problem, (3) determining-the facts and clues bearing

' »‘upon.the:problcm, (4) making tentative hypotheses, (5 selectinguthe




a Robinson (1975) say that.,

-,q“i’Y (“°88n’ 1969, p. 6. M(;Leod Berkheimer, Fyffe,"""', .""”;"f'v po e

o ,f...an ability to° use . the Pprocesses’ requires .one to:

. ‘assimilate. information, process that information,v“ R N
©.  and make an intellectual step beyond ‘the- information .
given.v (McLeod, et al., l975, P.. 416) e

William Kessen (1964) lists Lhe processes of scientific enquiry

as: (l) stating the problem, (2) observing, (3) comparing,

:‘(4) classifying, (5) mea&uring, (6) experimenting, (7) hypothesizing,

:(8) evaluating, and (9) drawing conclusions. ‘He' believes that in order

a

 to attain the capability of; enquiry, an individual needs to learn how

3 observe, how to figure how to measure, how to orient things in

L

‘.space how to describe, how«to classify objects and evenra, how to

' infer, and how to make conceptual models; If these skills are’

e

: mastered, the individual will use them all his life.

-

The questions of the TSP,reflect the processes enumerated by

-~

'Tannenbaum in his "blueprint." They are essentially parallel to those -

~of the AAAS and are: (l) observing, (2) comparing, 3) clasgifying,;

s

(4) quantifying, (5) measuring, (6) experimenting, (7) inferring, and

—-

(8) predicting.

© .24,



L While there is mtch emphasis on the need to provide learning

ex%eriences ia the use of science processes, it can be inferred from the
.f}review of the literature t at there seems to be 1ittle agreement on

«“iwhich skills and abilities comprise science process. A_multiplicity o

;%lof-definitions for'process are in'use._ Table l-summarizes the~skills '

4

LY

?fiand abilitiigtn:processes described or enumerateu by educators or .- N
:':curricula which form the basis of their respective definitions. While
"1 several of the processes are not mutually exclusive, they have been.
'_ listed as somewhatounique within the description of its author.
This imprecision of definition creates a question\as to which ?.
' skills and abilities cbnstitute science process, ‘are these skills and

.+ -abilities unique in an_, empirical sense;’ and, what performance should be

' ‘ N L -
assessed in a science process test.

. Tests of Science Processes

. "
- /

\
¢

Although there are several‘packaged science programs and'texts

—_— ‘.
]

emphasizing the acquisition of science process skills such as. Science‘--~

N4 o

"A Process Approach (AAAS 1967) Science Curriculum Improvement Study,

@ l

‘_ (SCIS 1970), the Elementary Science Study (Duckworth 1964), and the '

Conceptually Oriented Program in Elementary Science (COPES 1966)
_ A . . -

.among'the more notable, few tests of science process have been :
' developed; -The.existing tests-of.science prdcesses and a brief ‘ i

description of each are reviewed
o

The' Science Process Inventory (SPI) by Welsh and Pella (1967)

»

is designed.to inventory the knowledge of the processes of science |

25 : . : v .
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E fhundred fifty statements pertaining to»the assumptions, activities,
1products,-and ethics of science.‘=Students.express/agreementzor disagree-

- / . " . : . .
mEnt with each of the statements. : The students" responses are_asgumed

to'indicate their knowledgeoof the idea contained in each of the

statements. Student responses are ﬁeyed with a descriptive outline and
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onfthefopinionS'of'fourteen research scientists. Total scores are

‘ tudents in grades ten, eleven, and twelve. A reliability

coefficient of 79 was found. The authors reported qhat the SPI

.This information lends support ‘to the valid1ty of the instrument._

The practical considerations of economy,'convenience, and

e

'1interpretability are of imoortance in the selection of appropriate test

tJ?f instruments. “The SPI can be administered within a typical class period

v with the students complet1ng the test in forty-five-minutes. The test

a "

;};“can easily be scored by hand or by machine scoring. It is-also"easy-to

.administer’in that administration directions are simple.. Several
'limitations.of the testlwere'listed.by the author5° (l) there is a

possibility that remov1ng a statement from the context of the descriptive

o &
- outllne may change its meaning or cause ambiguity, (2). expressing a

topic as complex as science process'in a language appropriate to high
'school students may change the or1g1nal meaning, (3)*the SPI is based
~on the authority of a sample of scientists. As such it may be valid

- for the'opinion for this,authority, but ndt valid for the opinion of

., all scientists. The controversial nature of the subJect imposes

:restriction on the validity of theﬁinstrument. (Welsh and Pella,

7171967, p. 67)




“a

. . - . -

The Science Observation and Comparison "Test (SOCS) by Hungerford

. and Miles (1969) is an instrument designed to measure the science

\
process skills of observation and comparison. Although constructed for

"junior»high school use, the authors believe it to be.appropriate for

. intermediate grades ‘as well. Students are requiréd to make observations
and comparisons on real scientific objects and-to’communicate their
findings.either,orally,.in writing, visually or a combination of these
modes. On'the observation portion.of the test, students. are asﬁed to:
make an accurate visual reproductlon of a particular specimen, noting
structural deta11s and labeling their drawings. ‘Scoring on this.
"portion is in three dimensions (l) the excellence of the drauings,
-:(2) the commun1catlon of morphologic features, and (3) the labeling of
structural parts. On the comparison portion of the test, only the‘
ability to discriminate_differences is required. A raw score of three
‘is-given for eachlreasonable and accurate comparison gi;en Bp the
student. - The comparison part of the test'can be used either indepen—
.dently or it can be added to the observation totél'for a grahd'total.
The test was piloted on eight heterogeneous seventh grade science

classes. Interscorer rellabllities ranged from .83 to .94 Test—

-~

retest reliabilities, with a foitr-week delay, ranged from +39 to .68.

i'h Alternate form reliabilities‘ranged from .25 to .59. While this writer3

questions the value of these correlations, the test auth@fs concluded-
~ that the SOCS Test can be scored reliably. They further state:

The test-retest reliabilities, both with and .
without training, appear high enough to warrant

29 }



use of the test for research and classroom purposes.

. The alternate form reliabilities for the most part
‘seem’ high enough to warrant use of the two forms -
f\r\pre-post type designs. (Hungerford and Miles, -
s w1969, P 55)\ /

: — o
The validity estimate comparing\the SOCS Test scores with teacher-

T~

.ig ratings yielded T 's of .65, .43, .34 and 61.\ The authors concluded

'f?jthat the teacheryratings correlation'and the increase;iq scores with
4 . o

T~

’*fftraining lend support to the validity of the test.

\ :
The authors give no information as to the practical considerations_-

’j“iin using the test.m It would appear that the testing time would vary

.-\ a

i”considerably according to how quickly students draw the particular

-

specimen. Certainlﬁ, scoring the test would take a 1arge portion of
‘time given the format of the test. Difficulty in scoring may be a

. problem in that there appears to be little in the way of a clear

\ <
) criterion referencex. \ .

The Science Pchess Instrument (STI) by the American Association

° 1
3

for the Advancement \f %cience was”constructed to accompany the science

.curriculum,zscience,;— AXProcesg Approach (S-APA). iIt'attempts*to

ascertain the abilit‘es gf the learner in the following processes: -
: observing,'classifyi g, measuring, uSing numbers,'using space/time
relationships inferring, ﬁommunieating, and'predicting. J

| The learner is P esenned with specified materials and . is asked
to. perform a task reflecting one of the sequential behaviors cited.
:ﬂéflhe learner s respons 1s slored either as acceptable or non—acceptable‘

by the examiner' The manual\lists all acceptable responses.' The .

-1Tfadministration of thc test requlres some special training. Extensive

.'} y‘{f~: - B e 3{1



E%{preparation is necessary in that the tester must be.thoroughly
' familiar with the format ‘of the test, with the materials used and
*with the.method of scoring. (AAAS, 1968, pf,ZS)
- T‘hisvinstrument was used as a research tool for phasel]; gf '
-AEA'and was terminated with the end of.Phase l. ~Statistical data

for the test were not published. : e _‘ v.14§wy

Test 9 of the Comprehensive Tests of Basic Skills, Expanded

Edition, published by McGraw-Hill (1973) is a science test comprising

thirty-six items designed to assess a students ability to investi-,

-

‘ >
gate problems in science and, to;a lesser degree, to recall scientific

facts or-concepts (Examiner s Manual 1973 p. 5). " 7The skillshh;;l

~

‘ enumerated are the abilities to classify objects tl_measure or tol;
L‘oquantify, to recognize a trend. in data, to. recognize a valid hypothesis
drawn~from presented data, and to anaIyze an-experimental design.?y' '
Level 2 is designed for grades 4 S to 6.9. The emphasis in the processf

V...

dimension 1s on the measurement of comprehension and application of
concepts and principles rather than on the measurement of content,i‘,
:c-':\ Development of the CTBS was through generation of'test items by '
teachers of appropriate grade levels, curriculum specialists and
| McGraw-Hili staff members.. Reliability and norming data were.amassed
f, from eight thousand, six hundred students in 1972 and revised with
“li.additional samples to reduce racial and.ethnic bias. Norms for a

;i:-nationwide population are-expressed as raw'scores to grade equivalents,_

’:percentile»ranks, and stanines in a CTBS‘Examiner's Manual. The -

B Kuder-Richardson rellabllity for the test for grades 4, 5, and 6 are

N .79, .83, and .86 respectively.

3l
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' '*-Tﬁé Science PchessrTest (TSPT) by Ludeman (1974) is designed

'toztésttstudentS'in grades six or seven on their ability'té_perform the

- A SR

'7:‘four:integrated science processes defined by the Ame:itanﬁhssociatioﬁ.“.

for the Advandement of Science: formglating,hypotheseé,'defiqing,
I'Opératiqnally, controlling variables, and_interpréﬁing daté; th_TSPT
'ﬁasvdeveloped-by Ludeman, Fyffe, Robison, McLeqd, and Berkheimer at thé, '

“-Séiénée and Mathematics Teachipg.Center of Michigan State University. -
. Copyright date fq:f:hé test' is 1974 and negotiations for commercial

_publication .were not completed as qf June, 1976, T~

\

The TSPT is a paper and pencil power test composed,of thirty-six

items inclusive of a test booklet andjma¢hiﬁe‘scoreab1e answer sheet.

o -
- s

queman'found’that;stu@gnﬁs;became‘restléés and lost their concentration
when .the nﬁmbgp of items .exceeded forty. Content or face validity was -
.. replaced by a procedure known .as external criterion_referenCes:validé-'"
" tion. Ludeman, et al. (1974) states:
Using this procedure, items are included in the test
-on the basis of the requirement that children's
.performance on each item be highly correlated\with

their performance on the exte:nal_criterion. 'ip.'z)

. The external criterion for the TSPT is the Individual‘Competency Measures

assumptibn thét thé Individual Coﬁpeten&y Measures do, in fact,
measure those processes, The correlation between the TSPT and the
S—APA-ICM was ;83 with an N of 52. The criterion for item gélection

;for>ihc1usion inLTSPT was the requirement that: (1) all alternatives

‘have been chosen by some students; (2) the context of the item allows

3%




ts'use,'in some-cases, since more than one item was based on a given.

ontext, the group of items had to be included or excluded in toto,
'7(37*“5 difficulty of each item- (proportion of students missing the
item) was required to be between .2 and 7° (4) usi;g the Individual '(ﬁ,
( Competency Measures scores to define the "upper twenty-seven percent" |
and the "lower twenty-seven percent" ‘groups, each item was required
‘to have a minimum discrimination of 2 (5) the correlation of students’
.vscores on each item with their scores on’ the Individual Competency
Méasures was required to be 2 or greater. (Ibid., pp. 3-4)
o " Norming was conducted in the Spring of 1974 on one . thousandl

three hundred one students from a random selection of twenty schools

[y

in Michigan and Indiana.- There was a broad spectrum of science progzams ,;ff

represented in the selection.' Readability is cited at lower sixth

;.grade'level. The Kuder-Richardson reliability was given at 84.- These S :

tests represent the first attempts by the academic community to assess
the processes of science. LR S B

The Test of Science Processes

___-._.-.'.'_-~ e . et o

)

" The Test. of Science Processes (TSP) by Tannenbaum (1968) is an
instrument "to assess achievement and- diagnose weaknesses in,the use
of science processes by students .in grades seven, eight, and nine '
(Tannenbaum, 1968 p. 2)'ﬁ It consists of ninety—eight multiple choice,'v
five option questions requiring a maximum testing time of seventy-three

minutes, a test booklet which is printed in black and white, 35nm1'

color slides for the visual cues, and an answer sheet. (See the complete

Test of Science Processes in. the pocket of the thesis binding )

33



Tannenbaum enumerated the unique science processes and the -

igfbehaviors that seventh, eighth and ‘nineth grade students were expected
~{3to perform from a variety of grade level textbooks then currently in
i:;uae/f Curricular validity for the statement of processes was
ﬂ#;ascertained through twenty—two questions submitted to thirty science
iﬂ;educators meeting any of several requirements of teaching experience,'
Tfipublications,vrecommendation by Columbia University faculty, and job
1;pdescription." This produced a final statement of fifty-three behaviors a
” under eight processes and was used in his "blueprint' for the Test

.‘of ‘Science Processes.

- The "blueprint" for the TSP is a statement of philosophy supported

by relevant literature and a listing of the processes ‘and their assigned '

behaviors. A general philosophic summary of Tannenbaum s position -
. is stated by the AAAS: (1) the scientists behaviors in pursuing '

-

E science constitute a highly complex set of - intelIectual activities which
.are, however, analyzable into simpler activities' (2 these intellectual
| activities (processes) are, as most scientists would agree, highly

g generalizable across scientific discip11nes..., (3) these intellectual

: activities of scientists may be learned, ‘'and it is reasonable to begin '

'with the simplest ones and_build the more complex activities out_of

’ ~

ﬂthem,dsince_this seems to be in fact'the way they'are organiaed
ff(AAAS’ 1965, p.té), An abridged summary of:the-processes and their
B respective behaviors are shown in Appendix B. |
- ~On the basis of the."blueprint," Form I of the TSP was written

-

‘ comprised of ninety-eight multiple choice items; each item'consisting of



e 35m color slid;‘@‘isual stimulus ',a,mimeographed Stem, and five
\-.5(1"
L choices. It wasfadministered to 156 seventh eighth and ninth grade _

:l._students in a Bronx, New York public intermediate school in January,
' 1968. . An item analysis was performed and Form II was draftedt

The ninety-six items and printed instructions were
type vritten {with right-hand justified margins). and
the coler slides (except for those for questions one
through twelve on Form II) were converted to tables

or black and white prints.” ' The corré&ct answers to the
items were randomized using.a table of random numbers
and the questions were arranged in a "saw-toothed" .
order of increasing difficulty within each subscore
(based- on the difficulty of the item when included

on Form I) (Tannenbaum, 1968, pp. 57-58) /f

. /
'_ 'Form- II was administered to three thousand, six hundred, seventy-
'three seventh eighth, and ninth grade sLudents from Rockland County :

and Bronx, New York in February, 1968. For each student, there were

- nine raw scores reported - one for each subscore ‘and one for total _

. score. Scoring keys can be found in the pocket of the thesis binding.

" The complete results were used to determine the norms, item statistics,

.'. reliabilities, and-validities and are described and reported in
'l'Tannenhaum'S\dissertation.‘, - | . |
| Reliabilities reported are the results of internal analyses of a.
‘"“gsingle administration. of the test using the” Kuder-Richardson Formula 20.
*'Test-retest correlations and aI“ernate forms correlations were not .
'.obtained. Total score re1iabi1ities are shown in Table 2. Process.
subscore reliabilities vary from-afhigh of ;82 to a low of .26.
Tannenbaum recommends caution in the use of subscore'reliabilities: ‘
k It should be carefully noted by the user that
while the total test and the longer subscorés

» have adequate reliabilities, some of the shorter
L _ subscores have quite low reliabilities. This is
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almost surely due to their short length because ‘r
their item-item and item—subscore correlations
are high. However, due to the low reliabilities,
. only cautious use.by trained personnel should be
.made of the shorter subscores. Of course, if in
. a particular adminiatration, higher reliabilities
_can be demonstrated for the population under
. study, then this caution may be waved to the

'+ extent warrented by the new. data. (Tannenbaum,;
coe 1968. pP- 103-104) 4 S

While the TSP is a - power test, it is timed during administration. _;;
~,Thnnenbaum states his position that.

‘\1 Although the test is timed during administration
~ (cf., Instructions for Administratioh), ‘this
~probab1y had a negligible effect on the performances
of the students because: . (1) the time limits were.
liberal enough to allow most (over 842) of the -
students to finish, (2) all ‘'students were forced -
to attempt all parts of the test, and :(3) if they
finished early, students were allowed to 'go back .
- *  and work on any question(s) which they skipped
\ - » either because of difficulty or time limitations
: in a particular- section. (Tannenbaum, 1968, p. 103)

—

= " © TABLE 2
TEST OF SCIENCE PROCESSES .
TOTAL SCORE RELIABILITY COEFFICIENTS "

& ~
f \.
A
\

= ~— .
| ' SUBURBAN ~  URBAN . TOTAL "
: - - - ~ ' - }
RELIABILITIES GRADE GRADE GRADE
| 7 8 9 "7 8 9 N 7 8 9
_TOTAL SCORE " - . N\ o
96 ITEMS . .91 .91 .91 .90 .91.90  \91.917.90
| | | N
— \\
. c \
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. A review of-the'literature found a paucity'of tests to assess the

i}}ﬂrocesses of science. The existent tests to date are summarized in
éfaTable 3, showing the grade levels for which it was designed the
‘T'reliahility coefficient (Kuder-Richardson 20 unless: otherwise noted),

‘i?and the'size of the norming population’’

T a ' TABLE 3

SCIENCE PROCESS TESTS WITH ASSOCIATED GRADE LEVEL, RELIABILITY §
AND NUMBER IN NORMING POPULATION

: o - o . . Ce A NORMING
- INSTRUMENT GRADE LEVEL - - RELIABILITY . -, -POPULATION
sPT 10, 11, 12 * . S .79 - T 1283
socs 5.9 -~ .39-.68 Test-retest
: : ' .25-;59’Alternate form *
- SPI (S-APA) ' Phase I Project terminated data not released for
o - E publication , , B
‘crBs . 4,5,6 | .79-.86 -~ ' 8600 -
- T8PT .6 | S8 1301
oTse ©1,8,9 . - .91 . 3673

None of the process tests summarized are for the medium of television.

‘],Televisicn Testing
Little has been done in the way of formalized testing through the

3; television medium. Perhaps the lack of usage can be accounted for by

-

some previously encountered difficulties which can now be overcome by
|
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P

3; he past, teachers have reported that television receivers are :
: »
. > . A, .o

fiunreliable, time schedules do not allow for television usage, programs
?{do J;t fit: into the curriculum or ake not suited to their students,
};schedules of television program% do not arrive in time or do not |
T?arrive ‘at - all, the influx -of "machines" may replace the teacher, and é'

Zlan insecurity may develop in the classroom teacher»becaude of competing 4ﬁ”

N -

:iwith the highly skilled television teacher. Administrators respondin
.?go a questionnaire which included the’ question. «“Whyvdo you not use the
{gchool's television service?" gave the‘following éﬁQWers?‘ (lj my.staff‘
are (is) not lagzy; (2) my staff would become lazy, (3) my students would
. become lazy, (4) too much like entertainment° (5) there is no time to
spare from teaching, (6) if you could cut out the films and photographs
and just show a teacher with a blackboard' (7) if you could just send ’.l_

the script, we could do much more with the material than seeing it on S
| .

—

' television, (8) ‘there is nothing you can give the students that I cannot
] (Combes and Tiffin, 1970, 2 71).

This opposition to television usage within the classroom has been

_overcome by.equipment which is reliable and easy to use, teacher

trainéng which emphasizes a better understanding of. educational television,

: and'the development of video tape which allows the teacher to select

-'appropriate lessons and time schedules;

~

‘ Comh'sland-Tiffin (1970) advhcate the utilization of tefevision for
_»testing,,suggesting the advantage of such a procedure of preventing;the
38 |
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:;5 tendency of teachers to teach stock answers to stock questions. In
'A_ listing the advantages of testing via television," essinger (1969)

" gtates:”

"Close-ups showed important sections of the forms, and
: - critical instructions received graphic emphasis.
- (p. .19) .

'Video ‘tape has improved San Jose s televised testing
procedure because close-ups, such as those illus-
trated can be precisely composed and positioned

~ in the programlﬁ— something not ‘always possible in
1ive production. Further, taped instruction can be
re-used as often as necessary until there are _
;significant changes in the instructions or the test
forms s . : .

Over the years, televised testing procedures have o s
been quite successful. Errors invariably made by
- students in marking answer sheets have been reduced.

Use of video tape has increased these advantages --
facilities reduirements and set-yp time for the - . ..
television staff have been materirlly ‘reduced;
standardization of instruction has been expanded
from a 'room to room' basis to a 'testing date to -
testing date' basis, and test supervision has been
improved by allowing the test officer to be in .
direct contact gith testing rooms. (Pessinger, l969
p. 20) - -

.

. N
Gross (1969) makes .a strong case for visual testing by pointing out

that the student _ becomes visually oriented and learns the material by
< ' .
visual rather than verbal associatiOn by watching television. Thus,‘when
the student is tested verbally on visually presented,material hel .
t
N -

. .
becomes frustrated and his score on: the test is not a true measure of

-

,‘what he actually knows. With the influx of more television teaching and

'the resultant -new teaching concepts Gross (1969) states.

‘ ...it appears obvious that the Dark Ages of testing
I - should be abandoned in favor of techniques adapted
.to the new methods of learning. (p. 35)

- * Vo ; 39 E o; ‘ )




~ . N
L. -

PO .. - . : -
. . . . . E iy

Afterea television course in health education and an accompanying
C

ftest via television students were asked to comment on their reactions

_T;to visual testing. The following are typical reactions ,' . -

LY

I learned from the test, also, because of thec

o p:lctures._J o, ¢ e . g C v

- . ) o

. I whole-heartedly hope that tests in schools will
change to the type presented. today.- ‘I usually:
hate tests, but I enjoyed this ome. I get so ",--:~
‘tense that I forget what I have been taught. One.
‘of the benefits that can.be derived from this kind
of presentation is free time for the professor or
time put ‘to better use. . ° i ,yv
. I,want you to know how much I.enjoyed taking the. -
+ '  midterm test Saturday, the 13th.. The test was. -0
motivating. (Gross, 1969, P. 36) o ’ . AR

Gross (1969) cg%ments on the advantages and adaptability of

' television testing _ ( _ , ' . ’ -7
e ¢ Biology television courses could take full advantage
of - television's close-up properties for testing. by
projecting microscope slides and asking students to .
identify them. This would be far superior to paper
and pencil questions such as’ 'describe an amoeba
(p. 36) ,' T ~ .

. The sciences, including chemistry and physics, can _ $\>~

also utilize television's visual properties by
. '‘showing actual experiments and allowing students
to analyze or hypothesize about them. (Gross, pz 38)
4 : o
...visual.testing need not be exclusively for ¢ v v
telgvised courses. Any-teacher who employs various o
< visual aids to aécomplish his teaching would be
well advised to consider visual testing. (p. 38)

", In a project reported by Thomas (1975), third, sixth) ninth, and -

1]

eleventh_grade students in American Samoa were tested via television o

on their listening comprehension of the English fanguage Television -

- was chosen as the mode. of testing because it saved time, reduced the

40

e



: Thomas (1975) states. ‘ S & - ."f_f- ’

o

Ihe people involved in the experiment’ concluded

szv . 'that the ‘'videotape” approachﬁand—the pictorial .
T 'booklets provided a most satisfactory solution
S "' .to the problem of group.testing for pupi;s

understanding of a spoken second language._i : '
(Thomas, 1975, P- 27) o . ol o

Hopkins Lefever, and Hopkins (1967) compared scores of teacher-,

’.administered tests and television-administered tests.‘ All the fifth

a

andmsixth graders in eleven experimental schools were given a

>

standardized test (Metropolitan Science Test)-via closed—circuit tele-
vision while all other fifth and sixth graders of nine control schools /
were administered,the same standardized test,bj.an.on;theescene -

tester; The test was-given the same day at the same hour. All of the

n

*-~students had rece1ved identical instruction in science via televisio?

N RO

’

since the beginning of the school year. Resulting scores indicate

no significant differences in means for television versus teacher

o

;'.administration. )
Project NuTEx is a program developed to administer the Nagzonal

Teacher Examinations via television (Landis, et al., 1971). yhis
endeavor was prompted by recent but consistent criticisms concerning'
. : : 7 ,

- - the heavy reading load imposed by the original test and thefpossible
~acial, regional, and class bias inherent in some of -the test items.
. 4 !

Videotape presentatiqn allowed for “stimulus control and ehvironmental

simulation which promised to be an improvement over the %bstractions

/

|

!




of'the pure papér and'pencil'test. It was felt by the project'parti—

yequalizing for prospective teachers from disadvantaged or minority

backgrOunds. ‘The verbal portion of the test was presented with -

white-on—black lettering appearing on the screen with voice-ovfr

reading of the item for dual emphasis. -The second part of the test

consisted of a series of classroom situations taken from actual c1ass-

rooms, with questions suited to .the situation. .The authors of Project

T a

NuTEx comment. about their development of television-based testing:

One can project many'fascinating possibilities,
but the contribution that television will make
toward improving our current evaluation_procedures

, (the classroom behavior) rests on the degree to

~m———whieh-long~time testing professionals, whose
' training and interest are now almost entirely
' centered on paper and pencil measure$, become ‘

convinced that this new medium has merit.
(Landis, et al., 1971, p. 20)

—______*‘Test'administration mode was investigated by administering a

standardized achievement_test (Gates Reading Survey) to eight hundred,

eighty-two seventh grade students in four junior high schools \

(Munger, 1972). Half of the randomly selected students were given

. the test "live" and the other.hai? were given the test by way'of‘
television. It was found that the mode of test administration had a
significant differcntial effect on standardized reading test scores.

o

The findings of the study concluded that students can be expected to

earn higher reading scores when tested by an on-the-scene test

administrator than when tested by videotape.
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CBS-TV has produced a number of television tests such as The
R National Citizenship Test and The National Driving Test. The format
" of the programs basically consisted of short scenes demonstrating
various activities. The narrator asks a question and then pauses .
.for the home audience to respond. The:correct answer is then given
with anlexplanation as to why it is correct. v
'.Studies have'indicated that testing via television'has several
advantages over‘traditional modes of testing. Standardization of
test directions is a major advantage. .Also, for some‘content areas,
B television can show close-ups which emphasize critical visual infor-
" mation thus reducing errors in marking answer'sheetst It adds the$’
. dimension of motion which traditional test modes cannot accomplish.

Television tests can be administered to large groups. at a minimal cost

. and the .test can be used over and over.

Summary

A review of the literature found considerable support for the need
{

|
!

to teach those skills and abilities employed by scientists and identified

\ bt
T

by psychologists and educators as.sclence processes. However, no

general agreement in the list of those.skills and abilities was found.

This imprecision was canoted in the Dictionary'of'Education which lists

this open-ended definition:

-

Process approach, an approach to science instruc~
tion in which children learn generalizable process
- skills that are behaviorally specific but which *
carry the promise of broad transferability across

~
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bject matters°'it adopts the idea that.
novel;thought ‘can’.be : ‘encouraged in relation to
h iof .the processes ‘of-science;
vationz,inferrence, commu_ cation
-(Good‘gl973, p. 439

are collectively labelled science process testf.

A survey of the literature f0und few tes#s of'science,process.nggf“/4ﬁ

;Those reported on are: the Science Process Inventory (SPI), the Science

Observation and Comparison Test (SOCS), the Science Process Instrument,

the science subtest of the Comprehensive Tests of Basic Skills (CTBS),/

el
The Sc1ence Process Test (TSPT), and the Test of Science’Processes (TSP)

e

Each of tHESe tests is designed for varying grade levels, rJnging from
fourth to twelth _grade. None of the tests is for television \

:presentation. \

The literature revealed a scarcity of testing via television.\\Of

the studies reporting on- television testing, most have concluded thaé\‘
television presentation of tests has several advantages over.

traditional modes of testing. The literature suggests that testing - .7

‘can be effectively conducted thropgh the medium of television.

ERIC
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| CHAPTER III .

C e .

PROCEDURE OF THE STUDY .

roduction

-

~t Tha procedure for modifying the TSP for the intermediate level >

fand adapting it for television required the following steps.zf?“'

j~wf21) present the question content of the Test- of Science Processes to

’ *5a panel of judges on elementary science curriculum and instruction f-~».f“ﬁ

,4.,. R ¥

”f to ascertain the content validity of . the test as applicable tO ' S ;ﬁff

intermediate level’ students, (2) rewrite those questions recognized
*_.appropriate by the experts to conform to the readability adequate 1Lf"b*
for upper elementary students, (3) produce a. pilot test composed of
| the ‘adapted questions on quadraplex video tape and produce the3?TE
associated print materials, (4) provide a pilot exposure -and techniques —
to asoertain appropriate test item exposure time, (5) edit the video
production to conform to the time. data, (6) provide a pilot run of
the televised test to a large number of students to amass data for ,
item analysis, (7 establish statistical parameters by. which the item
analysis would provide a refinement of those questions which would
‘comprise the final form of the test and edit the video production..
,' accordingly, (8) provide for broad exposure of the,testAto ascertain
norms for target populations; and (9)‘provide an experimental.study to

4

2 . ‘ \
amass concurrent and predictive validity data.

Establishingmcontent Validity

Content validity was established by subjecting the ninety-six

. questions of the TSP to a critical analysis by a panel of judges in
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eléﬁEAEAEy sciencezat The ?ennsylvania State University. (See
Appendix D for panel of judges ) The questions were reviewed‘

(1) to identify content applicability for . measuring process skills
1at the intermediate 1evel with minor revision and (2) to sample the
‘ﬁﬂeight processes identified by Tannenbaum — observing, comparing,

B classifying, quantifying, measuring, experimenting, inferring, and
fﬁfi‘predicting. Whereas the questions were identical or similar, content '
| validity could be partially inferred .through the "blueprint" data of

Tannenbaum. On the basis of the initial selection, the questions for

' Form A of The Television Test of Science Processes were identified.

Readdbility Considerations

Once the applicable questions were identified as having content
validity for the_proposedAtarget'audience,'a-revision of vocabularyvand‘
syntax of the verbal message“was necessary to effect content validity
for 'the intermediate level. Three one;hundred word randomly selected

_samples of the Test of Science Processes were subjected to “the” rap

for Estimating Readability (Fry, 1968) in order to ascertain the
' \

_difficulty level of the original questions. Since the Test of Science

'Processes was constructed for use with junior high school students, it

was necessary to revise the selected questions in order to reduce the

lreading difficulty of the test. This was accomplished by shorteningl
AAAAAAAAAAAAAA sentence lengths and by altering the vocabulary A certified reading
specialist modified the vocabulary by replacing the difficult words
with_easier to read synonyms judged by her to be appropriate for.

elementary school aged students. The verbal message was evaluated

o 46



fthrough'the use of the Graph for Estimating Readability and through

;the use of the Syntactic Density Score by Golub (1973) to ascertain

the rﬂading difficulty of the revised questions. These-two T
readability instruments were selected to ensure a comprehensive
evaluation of the verbal component of the test, The "Fry Formula"

’ measures readability in terms of sentence_length and difficulty of

words. . The Syntactic Density Score.reflects”the relative-complexity

\
~.

_ of the sentenceﬂstructure. .
:‘Alllwritten material in sentence form which the students were
required to read was'analyzed. Twenty—six one~hundred word samples-
i were counted‘out and the number of sentences and syllables were |
computed fOr each sample. Averages for sentence length and number - of

syllables was determined and then plotted on the Graph for Estimati#g

Readabllltz ‘to find the reading level.

g Research has upheld the "Fry Formula" to be a useful tool in-
.estimating readability. Fry developed his formula by . assigning grade
level des1gnat10ns by plotting a great number of books which
publishers had said were of"a certain grade level. Fry then looked

for clusters and "smoothed the curve." After the formula was applled

/.

and correctional studies made, the grade levels were adjusted. The j

‘ ‘*formula judges difflculty on the basis of sentence length and word /
‘ length in terms of syllables. A comparison is made of sentences‘per
:'one—hundred words. Validity of using sentence length and number of

syllables to determine readability has been investigatEd by Stolurow

and Newman (1959).' They found a high correlation (.90) between easy

4
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rds‘and monosyllabic words and reading ease. hverage‘sentence
'length correlated .86 with difficulty. ‘Their conclusion was that
any yardstick which gave primary weight “to - the sentence factor Wouldgw
th ‘.account for -a good dea1 -of the variance in readability. - ‘
”: Rank order correlations between the Fry readability graph and
the Spache (1953) formula for seven - primary books was found to ‘be.

";.90. Correlations for the upper range of the Graph for Estlmating

Readabilitz and other readability measures are as follows.

Dale-Chall Formula - ' C.94
Flesch Formula - : .96,
SRA Reading Ease Calculator .98
Botel Formula , .78 «

,

The Syntactic Density Score was obtained by subjecting all answer

[y

choices in sentence form to computer analysis using the Syntactic

Densitj Program at the Computer Center of The Pennsylvania State

Universit" )

Golub's Syntactic Density Score is a measure of readability which

reflects the quantitative and qualitative grammatical structures of a

given.selection of written material. Golub and Kidder'(1973) state:
The syntactic density'of a child's or student™s
spoken or written language, when compared to other
children his age, should indicate normative

syntactic language development. (Golub and Kidder,

The Syntactic Density Score was developed by sampling ch11dren s
syntactic structures in oral and wrltten discour Teacher ratings
of high medium, and low were then made on the samples Twelve:

variables of syntactic structures were identified which correlated

48 - S
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significantlyfﬁith teachers'.judgments of-the.written language

samples. "Through a process of -canonical correlation analysis,

;relative weights were assigned,to each'variable according to“its-

o contribution to a factor'named 'syntactic density' . (lhi-' P. 2)

The Syntactic Density Score reflects the measure of

(1) T-unit length (one main clause and its related words, phrases '
‘and clauses), (2) subordinate clause length (3) use of complex-verb
“phrase expansions, (4) use of some advanced structures'of'time; and

_?' (5)'reductions or embeddings that take the form of prepositional

‘l"phrases. It does not account for vocabulary intensity. The: tabulation

of Golub s _zntactic Density Score has been programmed for the computer.

‘Television Production of the Test Instrument s ot

After selection of the test,questions and the modification of the

a

fverbal message for readability considerations, the next “step was to.
adapt this visual and verbal information for television production.
The first phase of the TV production involved the development of a TV
script that best presented the verbal and visual information. It was
L. decided not to use the existing 2x2 slides through the TV multiplexer
system. Direct video tape recording (VTR) of the visuals wasfchosen
because of several advantages: (1) the advantage of superior lighting,-
(2) it was less expensive in that the cost of the slide processing was
'eliminated (3) the dimension of motion could -be added, and (4) graphics

could be managed electronically. Most-important is that direct _

recording provides a better quality visual than does slide transfer.

- | 749,
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l¥ se I required the drafting of a TV format script, design and
‘_development of the graphic visuals, the procedures for the logisrics
.‘of assembling the visual materials, and. the’ Scheduling of the TV '
?fstudio and personnel tor the video: taping sequence. Items employed
{ifor the visual presentation of the questions were selected from qhe

2 ;fiScience Education store of materials of The Pennsylvania State'

iUniversity and assembled in the studios of WPSX—TV, the public

o television station of The Pennsylvania State Univers1ty._-Graphic‘ -

' ﬂ(art was produced in the graphics ‘service unit of the Division of
'vBroadcasting of WPSX. Form A of the TTSP was recorded on two—inch
-quadraplex tape of broadcast quality on an RCA TR70 unit with Norelco
‘_golor cameras. Efforts were made to control all visuals for |

b»effectiveness and for contrast in color and 'in the gray.3cale.
-Question numbers with a specialeeffectso"wipe" introduced each"
question visuall The decision was made to verbally state each .
question and leave the question on the screen for ninety;seconds.
This was to allow eompletion of every question for the'item—response—
time study cited next. Completion of Phase.I'formed Form A of the TTSP.

The television crew for all phases of the production consisted

. of the professional staff of WPSX-TV comprised of Gary Perdue,
producer-director; Steve“Hubicsak, editorial assistant and narrator;
and this writer serving as associate.producer-and production,assistant.

_ vAlso.included was a switcher, tvo engineers, three cameramen (one each‘

for'graphics, live action and-superimpositioh),.and sdveral.

production assistants.
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thhase II required an’ edit of the Phase I, tape to conform to the -
times established in the item—response—time study. Completion of
Phase II formed Form B of the TTSP. An introduction to prepare

students to take the test via television was developed for a two-pzrt

-.\,

. . .
-1 : . \ 0

presentation.

-

Phase III fqllowed the item analysis of the test results of the

i
A

F rm B exposure. This included a final edit and the summary graphics.,
There were several technical considerations involved. Total test
\

time %as to be two one-half hour programs to conform to broadcast

schedules{ This was to be short enough to maintain student attention, -

" yet! long enough to cover the material. Narration had tb»be_held to theg”

reading~of theuquestions. Narration of the answer choices mas'dismissedjj
- N \ . ) . .

because of the time involved and the confusion it created with verhal“

\

- discrimination, Sufficient time to react to the question controlled

\ ) p—

| the‘narration time. The total verbal information urilized’was the

C necessary introductory oomments and directions for test taking ‘and the

narration of the test questions which provided for cross channel
redundancy (Hsia, 1968; Hsia, 1969) to reduce equivocation. This

formed Form C of the TTSP finalxproduct.

Item-Response-Time ' R

S Because the TTSP is a power test' and because the television

: modality via the broadcast channel is uncontrolled by the test

administrators once the vidko taped package was completed, it was
necessary to administer a pilot test and gather information on the

appropriate amount of time necessary to maximiZe the exposure time of
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'The ninety-Second constant exposure was wasteful in both student time,'
roduction costs, and broadcast costs. Optimum'test response;time R

. .\_'

]

was'necessary. f' : o : e
The traditional way to measure speediness is to set a fixed time -

j;limit for the total’ test and’ then. see how many questions (out of the .f""

total) were responded to by, for example, ninety percent of the h

,examinees. Based on this, either time 1imits are adjusted or the .

P nymber of items is altered. ' RN

v

In the preSent. study, however, since television broadcast time

was involved it seemed more appropriate to empirically determine

how much time it took,. 1. e.,_the ninetieth percentile, for examinees

PR

to respond to test items.
' The entire fifth grade class of the Centre Hall School,
comprising'sixtyéeight students{lof the Penns Valley School District,

Pennsylvania of predominantly rural background were administered

<

- Form A of the TTSP via closed-circuit TV. Four graduate students of
-

the Department of Academic Curriculum and Instruction of The

‘Pennsylvania State. University observed the test administration, each

.observing a defined group. Using alstop watch, they noted the time

in seconds from the end-of the verbal messaée on the test to the final

mark on the answef sheet required for each studént in their defined
groups to answer the question. \This included the time for some changes

. of. answers and erasures. The item-response-time data was tabulated

1.

N The mean and/standard deviatiom for each item was computed

.
N ?

e



. ...where practical considerations do not limit

;time, the test length will be determined by the
. number of items required to achieve as high a degree.

.. of. validity as possible without exceeding the point
"lwhere costs in- germs of time; effort, money, and -
“patience of the examinee outweigh the additional -
-gain. ‘Time limits of such a test are usually taken
‘8q -that approximately ninety percent will be able,

to finish (p. 173) -

) It is clear that setting the number of items on the test based o
" " on how many ninety percent respond to is not an equivalent procedure
‘to setting time limits per item based on the ninetieth percentile for .

~ times taken on that item. However, using the ninetieth percentile of

the times for each item was thought to be a reasonable way to best
approach the traditional speediness measure for applications to o

television testing. The video tape of Form A of the'TTSP-was then

3 L

edited to conform to the recommended times to form'?orm'B.

[}
(9

1 N : . .
- Item Analysis o -
3 — - .

;' ‘To derive a pool of questions that ‘were applicable.for use at

LY

‘the intermediate“level, Form-ﬁ“of the TTSP was administered as a pilot '

.test to'a large-sample of fifth and sixth grade students., A cgntact
was made through the Department of Education for a pilot test: to be
: administered in a large suburban Philadelphia school svstem. The:

Harple-Newtown School District was utilized as a test group. - One
hundred and sixteen fifth and sixth grade students were exposed to
%he teit instrument via closed-circuit television under controlled

conditions at the Brown and Culbertson Schools-in December, 19.4.

o o ; g
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The.criterion for time inclusion'was‘ (l) a. difficulty indexf

ater than .35 and less than 85 and (2% a point biserial corre~f
ion greater than 20. These criteria are suggested by Kelly (l939)

the sub-processes identified by Tannenbaum were to be sampled"7'v

m this nool,’ 40 items-were ‘to. be 1dent?ﬁie<\and incorporateq into%.c‘nfljﬁ
mCof the TTSB. . . o\

L ) . . \, ] o .
) . s L »
|

° ) R . A . R

To collect norming information, it was necessary to expose the:

evision Test of Science Processes, Form C to a large sample of
(% 5

.dents. During Octoben.of 1975, the TTSP Form-C was broadcastvover'

X-TV, Channel 3 of the Pennsylvania Public Television NetWork

.- . * 4

lperation[with the Allegheny qucational Broadcast-Council, nineteen -7~—*1
: e " Lo

LOOl sysgems cooperated in the collection of norming data in a . T

. / : .

'umented/effort during this time sequence. The TTSP was scheduled g'”: a

part oﬁ the total SFTS public presentation on television station _

J.\. e

X=-TV. ' An alternating schedule/fo allow for ease in public school

xeduling is the rule for all SFTS programming. A. total of 3480 fifth

/

de students were given the test 1nstrument under. normal classroom

N
7 k) —

ditions 6f television viewing and test taking. .Table 4 lists the.

" -

ool districts in alphabetical order with—the number of- participating .

1dents' 1nformation relative to their rural urban “or suburban .

. ~

Lssification grouping, and a statement of their present science

.

Lching methods. The descriptive 1nformation of the district in

!

»le 4 is quoted from correspondence from officials of the various

tems and do not represent .an objective statement by this writer.

" ‘ S e
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'Figure l shows a map of the location of the participating school

T~

‘.‘°districts. Complete Z:cumentation of the broadcasting'procedural
g}%;experience inclusive the initial pub‘ic relations contacrs

through final correspondence is cited in Hill (l976)

Al
S

;Reliahility

In'cooperation'ﬁith thé Elementary Supervisor'of the Lewisburg

Area Public School District, Pennsylvania, an effort to collect

Ll

reliability and validity data ‘for the TTSP was - undertaken. :Formpc of-
~ .
;? the “TTSP was administered to the fifth and sixth grade students in
four schools of the Lewisburg Area Public School System during March
of 1975. In October of 1975, an item analysis of the norming study .‘\
h data yielded reliability information for the 3480 fifth grade students
".involved.. Rellability is the result of 1nternal analysis using the

RO

Kuder—Richardson Formula 20 o T

Validie S . R
/4_1 - . -,L——”L\\
/- .5 Empirlcal validity is inferred through the relatlonshi that

Vo
/

i exists between scores on the TTSP and other tests of scienc rocesses.

;-

/

. ...empirical valid1ty'provides the evidence that a
. test score can ‘be interpreted in a particula
-..by showing that a relationship exis ween the AN

test performance on the on 1d, and on the other, -~ o
" behavior in .-some s (criterion) activity. . . ' \\\
'(Helmstad 64, p 112) - :

-In May of 1975, all of the fifth grade students at the Lewisburg

14

Area Schoollgistrict were adminlstered the McGraw-Hill Comprehens1ve

s

Tests of Basic\Skills inclus1ve of Test 9, the Science Test This was

\"

‘ . ’ ’ . g
Lot ° . © a Z
’ . v
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‘f§:£16f a fo;él-échiévement testing program. During February, 1976, :

.all of the sixth grade students (the former fifth grade students

<{ﬁentioned above),_numbering 207, were admiristered The-Scieﬁce Process
| Test (TSPT). Data from all three tests with additicnal pertinent data’
’i(ngmariéed in Appendix N) was compiled.. The informatidn was placed

~on computer data cards and a Pearson product-moment correlation data

fﬁagrix was generateé to assess inter-cofrelations.
. }\Whereaé the CTBS scores we;é wi;hin a short time framé'ﬁith the
'scores 6f the TTSP,'nearly'one vear elapsed begween the scores 6f the
‘ TTSPFand TSPT. During this-fime, the-fiffh;grade sfﬁdedtS‘were
<ﬁoved to the "Middle-Schbol" environment. Ary,‘et al..(1972). states:

'Except for the time dimension, conCuyrent validity
-and predictive validity are very much ‘alike. In
predictive validity, the relationship between the
- - ~ scores of individuals in a test of. performance in a
. future task is determined; whereas in concurrent
validity, the relationship between the test scores

and a present criterion is sought. (p. 185)
On this basis, a stétement of concurrent validity wés-inferred
from fhe cqrrelaéién between the TTSP and thé‘CTBS'Scieﬁcé score aﬁd
a sgatement'bf predictive validity was inférred‘fro@.thg correlation

between thé TTSP and TSPT. ‘These data are summarized in Chapter 4.
,Additidnal‘correlatioﬁal data and their implications are discussed

- in Appendix‘N;

ERIC
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. " CHAPTER IV

RESULTS

if,Introduction

R

V,v1dentif1ed as applicable to the:1ntermed1ate level curriculum and

¢

' This'chapter summarizes the results of this Studylfor_the various

", steps involved in the modification of the TSP for the interfnediate

H;miEVel and adapting it for.television; ‘The procedures for the various.

Qj'steps involved are described in Chapter III. For convenlence;

h :information shownlon computer printouts is summericed'ahd_i
Tabbrevieted in this chepter.'.Photo reductionsbof'complete_computer .

hi printouts are cited and shown as Appendices.

lEstablishino Content Validity

After crit1cal analysis of the ninety-s1x QUestions of the TSP bng

¥

-,the panel of Judges in elementary sc1ence at The Pennsylvanla State B

‘Unlver31ty, 51xtj—e1ght questlons of the original n1nety—31x were

R

. vellgible for revision and inclu51on in a pilot! test to provide further o

'f‘data The questions recommended are shown in Table 5. See the pocket

! .
K

fi?of the thesis b1nding for the Test of Sc1ence Processes test. booklet.

:thhis selection included six4questlons in Tannenbaum s process'I
’;f(observ1ng), five in process II (comparlng), eleven in process III

???(classifylng), eleven in process IV (quantlfylng), fourteen in process

T.V»(measuring), e1ght in process VI (experimenting), seven in process

VII Qinferring), and six _in process VIII (predicting).



TABLE 5
!
. TEST OF SCIENC% PROCESSES' QUESTIONS IDENTIFIED
AS APPLICABLE FOR INCLUSION IN THE TTSP. _ |

-Question Numbers

LOr w2 om 4 55 69 8 \\
2 1w m 52 41 59 71 86 \‘\
R TR 33 3 e 12 e
4 16 26 36 4 62 73 88
5 17 27 35 s 63 74 89 _
7 19 .28 3 49 6 75 90
9 .20 29 38 52 66 76 - 92
10 o2 300 39 53 67 78 9%
| 5. 68 79 %

,.To'maximize the accuracy of the question data, the positions of .|

' the correct answers on the answer sheet was found by employing

¢ . .

randomizing techniques from a table of random numbers.. , . \
L : p) g C : .

Readability Considerations . -

In order to ascertain .the reading difficulty level of the Test of

- Science Processes, a random selection of questions was subjected to the

Graph. for Estimating_Readability. A readability of sixth gréde leVel

was found.

62
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. After selection-of questions:identified for inclusion in the .

- pilot Television Test of Science Processes, the verbal information of
those questions was modified in an effort to'reduée their'reading‘.'

e difficultyt These modified questions were subJected to two

“.7readability measures in March of l975. The Fry Craph for Lstimating

Readabilitz was utillzed to compute reading d1fficulty A

readabiIity\of th1rd grade was found .

4
o v )

o A readabillty level'was_1nterpolated,for the data at high

‘ second-low-grade level_using'the Syntactic Density Score. The = -~
'conplete computer printout  is shown in Appendix.E;

Television Production of the Test instrument

Folloﬁing;the identification of applicable‘questions and.the
.modifiCation of the verbal‘nessage, the visual and'verbal.information'
'_of the selected questions was adapted for“talevision presentaticn.

Phase I of the telev1s1on productlcnvwas executed on Aueust 6 9 and
14 l974 See Appendix F for a complete d1splay of the visuals which .
form the TTSP, Form C. : | “ o .. _~.vlh c
‘ Phase IT of the teleu1s1on production took place.on October 14,
1974. " This involved editing~the.TTSP Form'A tape to conform to the.bi
tlme requ1rement of each question found in the 1tem—response—time study -
cited in Table 6. The scr1pt for this 1ntroduction was.developed and -
- is shown in Appendix G. The complete test booklet for the siAty—eight

o

: questions comprlsing Form A and B is shown in Appendix H

63
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After an item analysis of fhe test results of the Fofm‘B
 ;;exposure, Phase III of the television production took place.oniMarch

‘>‘27 and 29, 1975."Tﬁis cdnsistedmware&amping_the_entiteaForm B tépe
S , :

‘__to glipinéte“and modify the qugséions in responsé-to the da;a_fdund-

" in the'igeﬁ énélyéis, té ?enuﬁ#é% £he_sele§ted q&estibns,uand_téhadd ;"

' gﬂe’éﬁmmary’graphics.v The fiqal}edit formed Form C of ;he TTSP. .

.
[ A -
S

- Seé Appéﬁd{x I. for the coﬁplete ﬁest.booklet.

B4

. Item-Response-Time

A pilot test o{_the TTSP was administered in Séptember, 1974 to _

gather informatjion on the 4ppropriate amount of time necessary to’
" maximize the exposure time of the visuals to studeqtsawhile minimizing

the television time. Graduaté students of The Pennsylvania State
University, Departmen;'of'Curriculum and Instruction recorded the

time in seconds required for each student to respond to each 'question.
, ' L e®
Following the pilot exposure, the findings were tabulated and the

total question item-tesponse-time was calculated. Table 6 is a summary

o ¢

of the item-response-tim¢ of the ninetieth percentile of the total ,

oz

time required for each question. This data forméd tﬁe’éditing'time
' for productibn”of the TTSP, Form B.

Item'Analysis -

Form B.of the TTSP was administered as a pilot test to collect -
. b : ) .
- statistical data for item analysis. 'The data was processed by computer

using the Item Analysis DatémProgrém of the Exaﬁination Servicés of the

-~




TABLE . 6

SUMMARY OF THE TIME IN SECONDS ALLOCATED FOR EACH ITEM

i dua-u;:m . Tesz~1ten . . . Questica ._j vtut:n:-
Nusber Tica Nasbar Tioe
1 22 S T} . 22
2 : a2 f : ' 36 w0
- 3 . a1 n -
‘ 7 38 36
s Vo3 T 25
6 k3] ' 40 ' 30 $
2 LA a1 20 -
. 8 - TR - A2 26
- .9 s _ o A TR
10 = N 8
1 \, ' 3 Vo . &S o 19
- 12 3 6 0
13 ' 3 a7 T 26
w . 2 BT RV
15 - 48 ' S a9 43
U6 : I 50 ' : L 38
LML T 39 o 51 22
BUIRSS “ ' s2 4
v BT s 3
o 20 30 e 4 3
S 21 58 ' ss . w
n 54 L 56 Soovar
* 23 . 58— §7 - .20
T E7) ' T 10°
z;\ ' 20- ' 9 ' as"
26 : " 23 60 &
- ap 61 ° : 40
28 I ez . 10
Lo < .2 4 ' 63 30’
- 30 4 | 7 6 - 23
) ' n o 40 ’ R T
2 | 30 Ty 36
n e o o “
. L o 0 : .
% Y : 68 . 22
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n‘U iversity Division of Instructional Services The Pennsylvania State .
B 1 oo

.Unxversity ‘This program includes item frequency/percent, d1fficulty

“\

" dnd x, biserial correlatlon, point b1ser1al correlatlon T-Value, and
i mean‘score of item responses; Taﬂle 7 is an abbrev1ated item analys1s

'incorporating the difficulty index and the point biser1a1 correlation

~

for the total pllot test. The complete item‘analysis computer.

printout is shown in Appendix J.

‘1 . LRSIV

l_ Items were selected for further use'! which fell wi hin the
N \ . \ ’

establlshed guidelines. Some items-were selected‘where either the

L

o : / ’
difficulty‘index or the point biserial correlation/was very close and

the correspond1ng index or correlation &as thought to be sufficientlm

; H
- -

strong to warrant its inclus1on in the uestion pool. | "
. . o S | Sl
Normin ‘

c j . A~.;’.‘~ ' ' s
Norms for the Television Test of $cience/Processes are shown in

\Table 8. This.table is}a‘photo reductfion of/themcomputer printout.

_Data'is repoited by raw score, percen 1le, and T—score. The T-score

" ‘is a standardized score with a mean of 50 and a standard dev1ation QE

N

- 10, not normalized. It also shows t e frequency of - items and | \\\
- ) 0

frequency d1str1bution.. Th1s format for-recordlng is s1mple to read
and for performlng addltionallstatistical manhpulation. The numbersh_
. S i , -
—— in the "Score" column are the raw scores on the test, the number
| ' cor;ect' the "T- score column is the standardlscore with mean = 50 and
;standard deyiatlon'f 10; fﬁé fCentile"'columnfis the cumulative.percent*.l
e ) . . : T .
of the numher of students‘scoring-pelow'the given raw score; and theq %
B T T R ST ]
e T i B - | . e

’o L S
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., TABLE 7. -
SUMMARY OF ITEM ANALYSIS .
. , a
“ ) . -
Pitficuley Point-biserial Question Difficulty  —Potne-bfserlal
Index Corvelation tinmber , Index Corvslasicn
B 974 .258 .3 951 226 -
2 181 , e ) 36 690 . .282
3 .638 .00S 37 YY) 287
s .83 -.081 ag .16 .160 =
s .836 .186 »39 .586 .35k
A g2 .387 w 28 -.086
7 .129 ++256 41 914 .38 .
L o ,216 200 T *a2 L207 S
.y 397 .249 w3 S0 0 - s
*10 a2 259 e 97 407
o .526 14 s .ﬁg ! ' .:::ls /
12 578 .186 Y3 “an | .253
T .767 .360 ey CA91 F 361
1. .603 o .291 Ceas ._._’_.653 | Csere g
B0y 474 .359 Y] .629 j an
16 R T o0 a3 _ass
o - .87 192 51 2585 7,197
18" 416 =.032 . %82 .569 sooou8s ]
19 808 .099 .53 552 ' 17
20 \‘\ 8627 ¢ 1109 s .103 180
2 \‘\ 776 297 ., ss 397 <205/
"22 216 s . 383
"2 A28 T s 817 .
2 -.023 S8 )
25 " .110 *s9 A9
‘% 464 *%0 .386
"\ .128 o” 362 ¢
L .957 070 _ 62 ».293
£ “n o 290 *63 . 690
I 195 ‘6 " .310
on Tl L.s60 .325 s 474
*32 BT ' 1L 66 882
EE? R - S ) h . “r T
"3 s 966 ..1753.\ 2 “cg, 586 "
® Asterisk é“cno:n qu_ucton-.uloc:i,f:‘:f inclusion in Form cﬁ .
' £
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TABLE 8

TABLE OF EQUIVALENTS AND FREQUENCY
~ DISTRIBUTION OF NORMING SAMPLE
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ftequency of each Taw score. A complete item analys1s is shown in

;s 4Appendix K. A summary of the statistica1 data obtained from the

B li.administratlon of Form C of the TTSP is shown in.Table 9.

. Reliability

Reliability was ascertained through internal analysis using the
Kuder-Richardson Formula 20'(KR-20). Data for the re1iability_inves-

tigation was collected and transposed to EDP cards and processed at

"

the Computer Center of The Pennsylvania State University using the
Item-Analys1s (ITANl) Program of the University Examination Services.

The KR-20 reliability coefficient for the fifth grade students

©

rwhich comprised the norming study was .736. Table 9 shows the summary
of/the statisties for the norming sample of‘the fTS;} Form C.- A
complete computer printout of the item analysis is shown in

Appendix K.

The . KR-20 reliability coefficient for the fifth grade students
which comprised the validity study was .816. Tannenbaum cites '
average KR-20 reliabilities for the TSP at_grades'7, d, and 9 at .91.
Using the Spearman—Brown Prophecy Formula (Nunnaily, 1967; Helmstadter,
. 1964) to adjust for test 1ength;\the estimate for the re1iabi1ity of

the TTSP for ninety-six questions‘is .91. Table 10 shows the summary
of the statistics for the validity sampie on the TTSP, Form C. A-
. complete computer printout of the item analysis, table of equivalents
é-and frequency distribution is shown in Appendix L.

1

5
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TABLE 9

STATISTICS FOR THE NORMING SAMPLE ON THE TISP,

. v FORM C
- i .
‘d-'-:Gtédellevel ' v:i | I. /‘>  . 5" .m\ Jﬁ

- };Iumberh of students | - /;"' . 3480 . /
Méan'scofe o : ;" ?." ' , /VT 15;9§;_ :'/”
S'tlarida'r:fd deviation | ; Ny | ‘,’f 5.35 --/'
'Stand;rd error of ﬁeasﬁr%memt »/-" | 2.75 ‘;
Mean point-biserial 'J | ] /, '  . 0.29% f

_ KR—zp reliability E o "' - 0.736
Mean difficulty | | R 0,399
Test ;éﬁge | i 38 ﬁ
Staﬁdard error of test méan k 0.09 /
Skewness | . - \ '  0.39 ﬁ
Kurtosis - , . | ) \ o T 3‘21f

: \
Validity o \\
Dataﬁfor the validity §nveSfigation were ca}leéted and tr%nsposed
/f to‘EDP]caéds and processed éé the Computef Centeé\of,The Pennsylvania
.,*kataté Univefsity in Marcﬁ;'fﬁ76 usiné the ?earson\broduct-momént
coefficient (PPMCR) of the'S#atiStical Package'Proéram of the,
University ﬁxamination Serviées. ' I | : /

4 f ,
7

. ) . g .- . ///
The PPMCR computes a Pearson product-moment correlation cd%ffij;ent

for every possible pair of input,variables and qlso pfgnts tHe mear and

! \
\

10 \




60 -

l_'-jsﬁandard deviatioﬁ of.each.input variable. The outpﬁt_is prodﬁced: 
_in a‘form which'can.be,used as input to other Statistical Paékage
‘5"fﬁ?6gfiﬁ§f§ﬁch as Factor Analysis and'Regressidﬁ. The output may be
passed to a subsequent program_for,fufther analysis. Options are.
provided to allow incomplete or missing data. Fourteen variables were
correlated for'thevpurposes of ﬁpdviding additional‘information fpr .
this study aﬁd'fp;—related investigatidns iﬁ progress at this w:i;iné.

The complete computer printout is shown in Appendix M.

TABLE 10

'STATISTICS FOR THE VALIDITY SAMPLE ON THE TTSP, FORM C

‘Grade level ; _ -]
Number of students | - 203 N
Mean score C : 18.86
Stganfqquviapion ' _ 6.29
‘Standafd errér of measurement 3.05
Mean point biserial | ‘ . 0.352
KR-20 reliability . . -  0.816
Mean difficulty | LY
.Test range ' ' 29
Standard error of téSt meﬁn 0.44 .
Skewness S 0.31
Kurtosis ‘ 2.38

//1
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" The correlation between the TTSP and the TSPT in this study was -

-.66. The correlation between the TTSP and tﬁé>Science Test oi‘the

- CTBS was .66. Both correlation coefficients are significantly
different from zero at the .Ol'levél.. The summary of the Pearson

product—momeﬁt correlation of fifteen variables is shown in Table 11.



. "CHAPTERV | :

SUMMARY AND CONCLUSIONS

',Introdﬁction
There were two objectives in this study: (1) to modify the

~‘Test of Science Processes by Tannenbaum (1968) for use by inte mediéte

level students, and (2) to adapt ;hegtest for use through thefmedium

“

of television. Information generated in this endeavor incIuded that

further inquiry. ' _ o ' !

Summary

| This was a developmental study in which a normativeftestfto—assess
performance in éhe use of certaiﬁ of those skills and abilities
identified as science processes by intermediéte levei students through
thé medium of television was creéted throughbthe modification gnd

adaptation of an existing normative testing instrument. The steps

involved were to develop an itcm pool consisting of those questions

from the Test of Science gfocesscs which were representative of' the
science processES and were applicable for.iﬁtcrmcdia;e level students;
to tewrftc the selected questions so as t6 make them more easily recad
'b& intermediate level sEudents; to produce a pilot test; to ﬁrovidv
a pilot cxposurce to ascertain test item exposure time; to edit the
video tape for appropriate timing; to pilot the test on a large
- population. to amass data for itenm énalyéis; to dcvelbp the final form

10

O
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Tf§f4the Eest bylsele;ting‘quesfions aﬁproprigte ;hrough_statistical' T
fbfatamegeré sef by pefforming an itém_analysis; fo‘provide-a bfoad
*.é#ﬁosﬁfe of the teét to as;er;ain'normé'for target populations; and
to proﬁide an empirical'study io_gathe: concurrent aﬁd ;rgdictive
validify.data. The steps have taken into Account or considereﬁ the
' sfandards of the American Psychological Association (1974) for test
develqpers of educational and psychological tests. . Thelfollowing is a

summary of those activities that were necessary to complete this study. i

An item pbol was generated from the ninety*sixﬁitems of the

. Test of Science Processes which were a representative 'sample of, the

‘eight science proceéses identified andédefined"invAppendix B and
applicable for the intgrmediaté'ievel with minor revision.‘ These
questions were qhosen on the basis of tgeir requiring.the skills and
.abilities,recpgnized‘as process skills and on the basis of their
aﬁplicability to in;ermediate 1evei students. The question selection

a0 -

was performed by a panel of élementary science educators of The

Pennsy%vaniaFState University whose credentiéls réflect a.high degree
of experience in résea;ch and teaching and are rec;gnized both -
" nationally and intérnationally as possessing a high degree of expertise
: by'thglacademic community.,
After:the iqém pool waé identified,van implementation procedure

was pursued to produce the print and non-print. components to form a

prototype Televisinn Test of Seience Processes. The print component

consisted of a television test booklet and teacher's manual. It

iﬁvolvod a careful review of the verbal component, the visual digital

76
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“

;ﬂ informatiqn (Knowlton, 1964; Conhay, 1968), mpdification of the test

. "

{tems' vocabulary. and syntax to conform to -a readability le#gl; E

: : - ' L ety
‘applicable to' the intermediate level. The modified verbal meggaggﬁ

" was subjected to two readability measures to ascertain its appropriate-

'ness for the target population. Thi; was.pérformed and the resultant

study found both vocabulary aﬁd syntax to be appropriaté: “The results

2

are cited‘in Chapter 4 under "Readability considerations.” Question

. B

answers and distréctors were scrambled in a random manner using a

~

" table of random numbers for answerkplacement. Upon completion of the

total print message, it was organized and printed in the format of the

Test of Science Processes.

The non-print component was reviewed and organized in a television
script into the ‘audio and. visual modes. It was décided that the

narration of the questions and the answers were too time consuming and

were distracting. The visual information was reviewed for optimal

television'presentation. For clarity of visuals, implementation of

motion where appropriate, cost considerations, and production

. techniques, it was decided to record all visual information on two-inch

video.tape of broadcast quality. Using the prodqction studio of WPSX,
the entire vefbal and vgsual information was pfoduced..\Aftef an
introduction and directions for taking the.test, the question visuals
and ques£1on narration preceded by the appropriate number were
recorded for each of the sixzty-eight guestions of thé identified item

pool. From the end of-the narration to the next item, visuals were shown

-
"

7
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. for7ninéty séconds.. This vii -0 tape package combined with the printl

component formed Form A of the Television Test of Science Prdqesses,

the protbtype or research instrument for further study.

'To.aécertaih the pppropriate timing for each of the visuals, .

v

Form A of the TTSP was subjected to an iteﬁ response time study. A
8] . . / N
population of central Pennsylvania fifth grade students were identified

.and given Form A of the instrument. Graduate students of The
Pennsylvania State-Uﬁiversitf recorded the times for each std&ent.tb
réepond to each question inclusive of gorrectibns. 'Using the rule Qf
thé_90th~pe;céntile, a cutting time Qas idénfified_fdr eéchfquescioﬁ.
The video-tape was edited to conform‘tq the apg;opfiate times. Results
of the,item—responée-time study aré cited in Chapter 4. ?he edited

tape becéme Form B of the test instrument.

Plan forda pilot exposure of ForﬁﬂB'to a large populaciéq»of
dintermediate level studénts to derive item analysis data was
facilitafed through cont#ccs made with.the Pehnsylvania Departmgﬁt of
Education. The insgrument wvas pildﬁed in a large subdrgéq ?giladelphia
schqol system using clqsed—circuit television. Data was'amassed on a

>large population and, using established guidelines for accepting or

rejecting items on the basis of point biserial correlaticns and

difficulty, forty items were identified for inclusion intu Form C

of' the Television Test of Science Processes. Results of the item
analysis are cited in Chapter“4. Revision of the entire print and non-
. print component was effected to conform to the item analysis data. The

Print material was revised and new booklets printed.' A major edit of

r‘{éi
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' the‘videoltape Qaé conddcted to renumber all appropriate_remaininé o

\ v

. questions, to include appropriate credits, and to conform to the :“A

'time limﬁts of two thirty-minu e programs required for public¢

©

. broadcasting.

L
.

Public broadcasting over the service area'of_thevAleQﬁeox “

-

AEducational Broadcast Coyocil_provided massive expoéhreland tﬁe
| gathering 6g a larée data‘fuud éor“a norming study%PlTest_results.
from_three‘thousand, four hondred, eigﬁty-fifth grade etudente from-
nineteen school systems-of varying profiles were proeeesed_and-'
__tabulated into percentlles and T-scores. and plotted into a frequency
dlstrlbutlon. _The results are cltedtln Chaptetué underA?Normlng."

A study toAdetermine‘validltp was ioitiated. In eonjunetion with
a 1arge centralaPenneylvania schoolfeystem; datalwere gathered.from-a
large population of. students on a variety of variables; The studeots
were given the TTSP, TSPT, the Sc1ence Test.of the CTBS over a span of
one year. This and other’ data were collected within safeguards of
T'confidentiality and‘recorded on EDP czrds. Information gon fifteenf
' Gariables were processed osiug t?e Pearson product-moment eorrelation -

and factor analysis. progtams. Within the guidelines established for

a statement of criterionrrelated validity, it was found that the

Television Test of Science Processes, Form C vas moderately to highly

correlated with The Scicnce Process Test and the Science Test of the

~ Comprehensive Test of Basic Skills. The results are cited in

Chapter 4 under "Validity."
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- normal curve. The TTSP is a test which ‘measures the relative

relative ordering of ind1v1dua1s with respect to their TTSP test

performance ( laser, 1963). A conclusion can be" inferred that the

successful formulatlon of the TTSP 1mp11es that the Test of Science

\ ; -

}
Processes has been modified for use for intermediate‘level students and

1 -5 : |
l has been adapt=& for use through the medium of te1evis1on. Lo
. l - i l ‘ / .
. What constldutesathe structure of the skills and abilit1es of
\ "

‘ scicnce is 1mportant to 1dent1fy and quantify.. In an effort to.

ascertain the validity of the assumptions that:_‘(l)‘The Science :
. ‘ ' . . v'. *"— - ey T - i
“Process Test is a statisitcally reliable .and val{d instrument in
— L . i

assessing Students'\ability to use'thé integrate# processes, (2) the.

/

. i . ) P . .- i : I'. :
Test of Science Processes is a stat1stically'rel§ab1e and va11d o

1nstrlmcnt in assess1ng achievcmcnt in the use 7f scicence processes,

is aurellable and valid

.0

’n
and ?;) the Corntehcnsive Tests of Basic Skills

instiment to assess studcnts ability to invesTlgatelproblcms in science,

itional data was amassed. Data on fifteen variables for the 215
. ’ ‘ !

-
'

- stuflents within the validity study were cxamined. These data provide

- 50
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information beyond the scope of this developmental stuq uq _ :
\ . - .
provided sufficiently important insights to be inclgdéd as supple—

‘ mentary flndings and is discussed in Appendix N.

liﬁitations Of<thé Study

wdaution'is drged in the”nse of‘the listed*norns. A significant

iy

I . -

\ difference in means exists between the norming samp]e and the reliability
\ o & :
[ and validity sample. Also, a signiticant difference in means exists
; | o 2
‘between the fifth grade and uhe‘sixth grade of the Lewisburg Area,schoolﬂ
b . . | . 1 '

'popula%ion.- The norming sampie:was exposed to the TTSP id September;off

: o o gl co T . ' . o

their fifth grade year, while the Lewisburg students Vere exposed to the
’ ot ¢ > . . ~ay . “l .

instrument in March .of their respectivelgrade years. These data suggest
.‘: ' . ) ’ LT "’lit‘
the continuous improvement in raw scores throughout the intermediate . . !
grades. \Use of norming data, therefore, should be relative to approp—\

- riate time periocds. ‘ - e .

ot

A lﬁ:itation on the norming data was identified through a question-
: ‘ | |
naire cit d in the study by Hill (1976). While the test exposure for{f /

. L
\ !

the item—qesponSe-time study, item analysis pilot eyposure, reliabilityj
and valldlty studies were under controlled condltxons, the normlng stud '

— N ;

I
expos uro st under normajl. cl‘ssroom conditlons. This 1ncluded the '/

"normal" tnlqv1smon viewing conditions. 1In a small number of situations;

-

Tthe,tlassro%m teachers cxpressed ‘concern over viewing clarity and~size
of the telcyision imagc; distortion} and vignetting?(the truncating be
the ,visuals). * While all items were engineered'to-maximize the video’

. . /.

- signal' that is, the tapes used for the. productlon were of broadcast

qua]ity and des:gned for opt:mum viewing transm1531on, some classrooms

experienced_lcss than optimal viewing conditions.

- ' 'S
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fWh.RecommEndations for FurtherfResearch ‘ i 1 : Lo T
T / , ‘ '

N .

A developmental study of this nature gener;%es needs £pr further

\
\Aa -

;.study both through the findin gs.as* well as the procedures. ,The o
: u ;

findings suggest that it-is important‘to defﬂne the term science
’ - ! s A | . N
. . - - . . _ !-/. . .. »
processes. This definitien must incorporate;a clear and complete : _
i ' . ' ,A / . ¢ R
. . / . .
enume ation ot listing o‘ the Shllls and abilities eroloved in tne

i "‘ . 3R “VV‘ . - - 3 i NE
sciences as woll as‘the f; rther rer1}| r'tha’sain's and abilities -
) . : i .
. . o, _
into a possible hierarchioal arrangerent andEdevelopmental sequence.

. i
.

t . ) 1 ‘
Inlan erfort to enumerate and list Lne sx111s common to practicing

sc1ent1sts and to~obta1n their Jud°~ent about the nature of science,

l o
AHogan (1969) questioned 131 sciedtists relatlve to the1r use of fifty -

. v
. v L P \ . o,

stracegies assoc1ated with nine ’dentirled nr\ocess S . Ee found.t at

=~

o "/‘
the sc1entists heid dxf erent views ‘about the‘nature of sc1ence. " Alsco,

S |
he found both 51nn1f1cant agreenent and 51°n1£icant disagreemant in
/ : ll

. ., their regard for the strategies: 1h1s suggests,the necd'to-identify

N

, operatin% paradigms within the science community and to enumerate.the

comuon proc sses 1n ‘crder to ascertain.a COUmou aerlnition.

- ' i i .

’

CA hierarchical listing of the common processes may be a necessary
}
. ’ 4 I .
approach to investigate the procéSses of science.‘ To list a series of

- ]

unique, parallel skills, as do some philosophers, may be a fau1t§
. \ g
congeptual framework. They may, in fact, be h1e'arch1cal SKills.

Gagné (1970), in a discus ion or the events in learuing and rcmembering,

3 . Al

states: - - ‘ - ’

Yost scholnrs would agrece that an initial event mu°t
be that of attending to the ¢ L]WU]Uﬁ, although >
vhether such!attending is a process itself contalulnp

o I 92
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‘actively debated. For present purposes, though, _1t,

',w1ll be convenient simply ‘to acknowledge attending

as an initial event in learning,. which may be

‘thought of as a state that can be often detected by

observing what the learner is’looking at or

listening to. (Gagne, . 19/0, ﬂ. 72)

b

v

~

This- passage alludes to the process of observing as a. basic skill which

'?fully défine the processes of science.

f .

An important factor in measuring.processfskills at the .intermediate

{
!

- of the processes. It is recommendeiftnat researct be undertaken to

level is the developmental factor. Piaget?(1969).suggests that’

cognition is an invariant- developmental,process with qualitatively

distinct diff arences between the stages of thought as the child moves

to more matute intellectual reasoning. It is during the interrcediate

grade levels that the student moves from the pre—operational‘to the

:underlies other processes. Such a relationship may exist among'Several

concrcte operational stage of development. These stages of developuent

science processes given in these grades way tend to reflect

S

differentiation in stages of development. It is recommended that

research be conducted to identify the developmental variable and its

i

influence on science process testing.

-

oy

Questions relative to the procédure~0sed were identified; The

TTSP was designed to be used on either black and white or color

!

acrue. ko thosc students who viecw the test in color.

I
R

83
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i

.have been identified in.several studies (Johnson, 1975). Testsof =~

" Several studies’

"television\receivers. Test content was chosen so that no benefit would
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or challeﬁge this desizn variable.

R . \ \ ‘ ,
'suggest that there is insuﬁficient evilence to suggest that color

-hill imbrcve_learhing from televisicn (Chu and Schramm, 1967) y

.l
" cueing technique at a two-week delayed test analysis. It is

PR . . i

. -

\ i i L —_—

4
InWa study to measure ti.e relative effectiveness of two types\

!
r

of cueing (color and black/white), Lamberski (1975) fcund that black
§

\

\

xand whitke viewing/was significantly more favorable.in an immediate

1

testing situatiom but found no sigznificant differeqce attributable to.

recommended that an experimental study be undertaken to substantiate 1

N

It became evident in the early stages of the. study that the
. ~

:development of a test instrument involved the combined expertise

1

! -~

from several sources. Identifiable areas of specialization were:
| ' )
! . : .

educational testing. and measurement, statistics, elementary science

’
’

‘1nstruqtipn, e‘ev1s1on production ai.d direction, and instructional

media research, to name a few. The complexity of tne creation of a

modern test instrument requires a structure or system to access and

-'organize thc-nccessary resources and personnel to produce a reliable

4 -

and valid testing instrument. It is recommended that a study be

4
'unlertaken to. analyze and create a model for test development to

\

'opéimize appropriate input and to stand as a checklist for procedure.:

¢

- 84
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Hunter College . L o
T oeemea RITYGE e :7;:.’"“‘2":5? g STALET, LB SRR ¥ 1.t mm :

CF THZ CI5Y Lt RGO new!

c.a . : -

. - ‘ o © " February 23, 1973

Dr. Michael Szabs - . i _
. Associate Profaessor of cducation ) > o . N
Pennsylvania State University . ’
177 Chambers Buildirg T ) ;
Universicy Park, PA 16802 ) : - S
Dear Dr. Szabo: '
i

-1 would d aad nororqg ’f vou .ould adopt =y Test £ '
Scianze .

You certainly fern,

in this venture.

If you wish to rcduce the length of the test or aiier it in any wayv,’ you’
will,. of course, have to recalculace  the reliabilicy, validizy, and

.porws.
- '
N . . o

The arIwerk and phote : ag of a szroblenm.
Some of the ar:';rak a~'=orn - guestl way ba "
available en 35zz coior siiins tut I %ill have 2o check mv filds to.
dezefnine 1f t1=v 3re~s:il} Jgabie.. The ragt of Che artwork was ounlv
done with sza _lo.sv plack™ard white photographs wihich were 2ivacziiv

. atzachad to A=rzadv cery and these wculd te unavailatle sinee

® The cepy is ne ozwssossd < srinter. I atner wards, ¥ou
zay have to c all of t ‘“ .

I hope that we can jzet together wien vou are in Mew York in May and 4f- o
I can b2 of any assigtance ia furthering this project,.please let na krow.

¥ . .
Sincerely yours, i
- . .
¢ ) s V/ / :
- o7 . < -
R A .
Robert S. Taunneanbaum, Ed4.D.. o
' Directory Medizal Corsuter
Science Projram '
- =
!
E] . "
. &3 :a '
, . o )
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ABRINGED SUMMARY OF THE TROCESSES
AND "THEIR RESPIZCTIVE BEHAVIORS

A

e



P‘

" Process I Observing s : i . N'/
o . . ] . : . . 4 ///'
In order for a student to demonstrate competence in using the process

s A ' . . : i
> of observing, he should be able to do the following: ° .

{
|
|
!

Behaviors : - T T . guéstions 2

. - \ ! TSP TISP [
. 1. Demonstrate an operational knowledge !
of the ﬁhysical properties of ébjects. - -14,,19 .5, 7
2. Identify and describe the re;uitsjqf e .
- iﬁteractiéns of objects andnsystems‘of h / -
objgcté. h . - _ ', 17 / | 6
8. Distiﬁguish among various épﬁtial rélation-" '
shi#s of the object; withiﬁ a givén ;ystem: 20 ’ g_jf?

Process 11 -Comparing

)

o . B e
In oxder {or a student to demonstrate competeuze in using tﬁe process
“ of cowmparing, he should be able to do the following: '
t
_ &(\'h—p_.‘{' i‘—o-t;q ) - . ' s L. _gll?stions
. . o ~ -
. TSP TISP
/ -~
. 1. Contrast on,the basis of differences in -
their physical properties, two or more of -
. S |
cach of the following: ' . 7 R |
: ) - ' ’ .
_ a. Objects - CoT o \ . '
Y N , o
b. Systoﬁﬁ of olijocts
L . . ' Y
c. Interactions of objects and of systems of objects
. o -4 N . . . ") .
d. Ralative, positionsyel objects 1 _ .
- s L o : .
’ . i . - - .
. L )
L SR 94
v \ . ¢
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" Process III Cl‘assif'_}"'ing'; S o \
 In order to déﬂohéEEAte competence in"ﬁsing'thé ﬁro;ess of Lléssif&ing,
' thé;student shodld be ablé fo.dq'the foilowipg:*; o .'\ 3
j“ Behaviors . - _"1 }A‘ | - 3 'h : : - ggegﬁishﬁ"
‘ L . B : o — N
- L | 1 C TSP \\\ TSP
'“wi:mlgfou? objec;g'or systepé'df objécts'accdrdﬁng' ;.u . \. ‘
s to<a.éiveﬁ property. . L } - ld _ \ 2.
— e ) o : . \
?2.‘ Select éﬁd justify aqﬁéppropria;e property i' = o , \
aﬁd g#dup ééjeéts 6rfsjsgéms of.oﬁjécts .‘,  , ) : :'  \/
gcdo;diPé /ﬁo that ‘prleerty',l o \ 27 9/
o 73, -Selecé 5nd_jué€1§§mgﬁo;or.moré“appropp}a;g - \
s}ﬁﬁltaneéus propgrgies and group objects .
- dr-systeﬁs of dbjécgs gccbrding to these - ' e
‘ ‘ : n : :
| IProPértigs. LN . 8,29 10,11
“Z; } Given a group of ob%ects, idénﬁify the: _'.
“ﬁropérfy or}pfdber:;es'on which they are - R o \ 3 :
g;gupéd.' -l : i li. “ii . 3
Process IV Quantifying - ; .‘\ . X
:in qrdct.for a student to demo&gtréfe competence in usi;g\the'prgc%ss
'of. quantifying,’ he ‘should be able to do the "f.ollylowing: | ‘
| Bebaviers | o S . g.."u-ej,st;.i’nsé,
R o o el e
\- '-.1. meqnétraté an 6perationai}kno&1edge of N ,. [ o B
'_dfdinal and cardinai humbérs up to one f‘ : .C:/
'ﬁiliion énd of ;cga?ive ngpbcrs. - . ,¢‘32'J 12
‘ e Ve . —




E of measuring, he should be able to do_the following.

"

I

- Process \'4

- -

. . Be able to-arrange and to read data in - ,
ry T , = )

various graphic and tabular formats. .

o . L . o

Measuring ‘ s,

’

i 4 i

38, 39

740, 41

[y

. §z -

.13, 14

15,16,

In order for a. student to demonstrate competence in using the process

-

RN

Behaviors .o - B ol

5.

"

-iof mezsuring

/and volume in terms of one-, two-, and three

“diagram (mnpp%ng).'

) : , .
-’ A
1 X . .. B

\ad operatlonal knowledge of

ocmonstrate

' units of measére, the functlon of widely,

-

accepted un1ts, the names and appropriate

sizes‘of the most common units such as inch,

,foot, centi ecer, m ter, pouhd, quart, ram,|
. y 8

kllogram, 11ter, second degree, Celsius, etb.
/' . 1 f

,Demonstrate,an.operational knowledge of area
_ _ : , , e

B 3 e
a=lxw' v=13, v—h f a-ntlz; a

" Be aole to measure time. T

dimensional measurements (é.T., a=l2 nd
! 4

d v=h x l X w)

Be able to measdr? the rate of change' of a
l‘ ! ST, e .

property of an bject or agsttemrof objects..

i

Represent “and ‘ccognize‘the'spatial relation-

v / ¥ -~ o

. !
s ) . e :
ships among two or mcre objects by a scale

i

PRDESE - -——-—————.r——

- | [
Recognize thc;appropriat,ncs% and 11m1tat106s
- ,

ldeviccs in a.given situatidn.’

f

|

l

a4

Questions
R

. TSP

TTSP .
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71,

) e ,/5—

"actively debated. For present purposes, though, _1t,.

'.w1ll be convenient simply to acknowledge attending

i as an initial event in learning, which may be
‘thought of as a state that can be often detected by
observing what the learner is’looking at or _ o
. listening to. (Gagne, . 19/0 p. '72) o ! v

v
-

This: passage alludes to the process of: observing as a. basic skill which
:junderlies other'processes. Such a relationship may exist among'several
”fof.the.processesl__lt'is recommendeiftnat researcﬁ'be undertaken to
.?fully‘deiine the processes of science. . F. |

f .

An important factor in measuring.processfskills at the .intermediate

level is the developmentdl factor. Piaget?(1969).suggests that’
'cognition is an invariant- developmental,process with qualitatively

{
!

distinct diff arences between the stages of thought as the child moves

to more matute intellectual reasoning. It is during the intermediate

grade levels that the student moves from the pre-operational‘to the

concrete operational stage of development’ These stages of developuent
.have been identified in.several studies (Johnson, 1975). Tests of

science processes given in these grades may tend to reflect

differentiation in stages of development. It is recommended that -

research be conducted to identify the developmental variable and its

i

. - ——— . -

influence on science process testing. : _ e

Questions relative to the procédure.used were identified; The

TTSP was designed to be used on either black and white or color

"television\seceivers. Test content was chosen so that no benefit would

! . .
acrue. ko thosc students who viecw the test in color. Several studies’
I .
N
o

83
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will imbrpve_learhing from televisien_(Chu and Schramm, l$67). \

' .[
" cueing technique at a two-week delayed test analysis. It is
) Y . . .
or challeﬁge this design variable.

:dcvelopment of a test instrument involved the combined expertise

\ i i L —_—

“suggest that there is insufiicient evilence to suggest that color =

|

| . :
In' a study to measure tt.e relative effectiveness of two types\

!
r

of cueing (color and black/white), Lamberski (1975) f9und that black
‘ \

\

xand whitke viewing/was significantly more favorable.in an immediate

1

v . . . ’ s 5
testing situation but found no significant difference attributable to.

i

recommendeﬂ that an experimental study be undertaken to substantiate

~

- - . \

It became evident in the early stages of the. study that the
- ~

1 -~

\

from several sources. Identifiable areas of specialization were:
| ' )
; . ;

educational testing and measurement, utatlStiCS, elementary science |

’
.

linstruqtipn, te‘ev1sion production ai.d direction, and 1nstructiona1

media research, to name a few. The complexity of the creation of a

modern test instrument requires a structure or system to access and _

-'organize'thc-nccessary resources and personnel to produce a reliable

4 -

| el . L : ' ; '
_ and valid testing instrument. It is recommended that a study be

4
'unlertaken to. analyze and create a model for test development to

\

'opéimize appropriate input and to stand as a checklist for procedure.:

¢
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C g5 EAGT g STAZET, HEW VSRR N 1. 10029 mm
. 3

February 23, 1973

Dr. Michael Szabs - . i
. Associate Profaessor of cducz2tion ) s

Pennsylvania State University .

177 Chambers Suilding '

Universicy Parck, PA 16802 ) .

Dear Dr. Szabo:

. s a
‘1 would be both plaased #ad horored -if wou would adopt =y .
Sciance Pronesan T ?:nnsyl:an-a scata~wide instructicnal telavisiou,
You cerrainle nave mv yermissiosn to use the Tast of Science Prazesses
in this venture.

If you wish to rcduce Che length of the test or aiter it {a amy way,” you’
will,. of course, have to recalculace the reliabilicy, validizy, and

Jporws. .
- '
. : (R | hd
The arzwerk and nn: : “ou .i:h sqre ni ag of a szroblenm.
Some of the ori ;uc :;ors i3 :".au;n 3% ay b2, -
availab.e en 35z co ,u: 1 will have %o check my filéds to.
dezef=ine if they are~;k;: 4gabie.- The zagt of Ehe criwork was ounly
done with s=zall glo sv black and white phozographs 2ivacaiv
. attachad to tha canera=rsgiv CCNY ANd Lhiese wculd te urﬁva ilatle siune
® The cepy is che rossoesion ¢ the frinter. wards, vou

zmay have to redo aimssc all of the a

I hope that we can jzet together wien vou are in Mew York in May and Lf-:
I can b2 of any assigtance in furtherirg this. project,.please let ma krouw.

Sincerely yours;

.7 P

[ A .
Robert S. Taunneanbaum, Ed4.D..
Director, Medizal Corsuter
Science Projram '

O
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h ;P:OCQSS'I Observing " S ]

In order for a student to demonstrate competence in using the procgsb

o

> of observing, he should be able to do‘ghe'folidwihg:

Behaviors : -

’.
\ !
A

~ ) \

\

1. Demonstrate an operational knowledge
of the physical propertics of objects.
2. Identify and describe the results of

- interactions of objects and ssystems of
objects.

o

. 1 o //
ships of the objects within a given systenm.

Process I1 - Comparing

)

8. Distinguish among various spatial relation- '

> /

|
‘ i
|
)
!

\" Qué;tions 2

TSP TTSP
//'
14,19 5, 7
)
17 6

0 8

o . e
JIn opder {or a student to demonstirate con enze in using the process
In oxder for a student to demonstrat mpateuze in using the |
’ Lo ! . A . : o . .‘ s o _ <. '
" of cowmparing, he stould be able to do the following: '
t
. . \ E ’ a .
W Behaviors Questions
. heAAVLOoY S ~LeSt10ns
- ] .ot !
/ ., TSP TTSP
-~ : ;
1. ' Contrast on,the basis of differences in -
their physical properties, two or more of -
. S
cach of the folloving: 7 -1
- )

a. Objécts o ) )

O :
b. Systchis of olijects

1 q
f e : . . .o
/ . c. Interactions of objects and of systems of objects

. e Q
d. Ralative, positionsycel objects 1
e - oo A
. v
TR , . V4
. — ’ ‘-~ t . T .

ERIC
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. Process III Cliassif'_}';ing';. . o \
h o In or&ef to démohéfféte competence inhﬁsing'thé pro;ess of Lléssiffing,
A 'thé:student shodld be ablé ﬁo.quthe foilowipg:*; o .'\
j“ Behaviors . - _.'1 }A‘ | . ) 'h : R ggegﬁishs"
‘ ' . ; ST : S . \
R R | 1 C TSP \\\ TTS\P:'
A"wi:m'gfou? objec;slor systegé‘df objéctS'accdrdﬁng_ ;.u . \. ‘
to<a_éiveﬁ property. . o : - ld _ \ 2
— e T ' o/ : : 4
?2.‘ Select éﬁd justify aqféppropria;e property i’ N o _ \
aﬁd g#dup ééjeéts drfsjsgems of.oﬁjécts .‘,  , “ : ;'  \/
gcdo;dipé #o éhat‘perertyk o 'L.”x | 27 ;
o T3, HSelec§ 5nd\juggzg§m4ﬁofor‘moréuapprop;}a;g ;_.‘ . \_
s}ﬁultaneaus propgrgies and group objects Lo .
- dr-systeﬁs of dbje¢%s accérding to these = ' e
‘ ‘ . | : :
Iprope-rt%e_s, : i -\ | o 28,29 10,11
ﬂﬁ; ‘ Given a group of ob}ects, idénﬁify the: _'. |
“ﬁropérfy orépfdber:ies‘on which they are ) T - ‘ J f
g;gupéd._ -l : . lll ”{i - 3
Process IV Quantifying i ; -'\ . X
:in qrdét_for a student fo demoA;tréfe competence in usi;g\the'prgcgss
_of qudnﬁifying,:hé'spou]d be able to do the_fﬁliowing:. ‘; : i
| - el me
v, Dfmqngtrate an bperationai}knohledge of . v, / 3 .
'.dfdinal and cardinai ﬁumbérs up to one’ f‘ : .C:/
.ﬁiliion énd of ;egagive ngmbers. - - ,¢‘32'J 12

\

. 1 A
s / : '
A b




;,/5 e [ ' . ' . . .'7
/ . . '; , . 84 ‘
i ‘ . o
P . . Be able to arrange and to read data in- - . .- 38, 39 - 13, 14
: Y ST . - ) . . " . i :
- various graphic and tabular formats. . - 40, 41 " 15,16,

' Process v Measuring ol ‘
‘. . i

In order for a. student to demonstrate competence in using the process

. N I | .
ﬁ’ogmmeasuring, he should be able to do_the following: -
" -_Behaviors ;\ T E . 'f » SR : . vguestions
| | | i o - Z . .,TSIP \ TTSP -
- lf Dcomonstrate ! ad operational knowledge of ,i. _ | v‘“’ ' <i/
B units of measére, the function of widély,
’ accepted uniti, the names and appropriate
| : sizes‘of the moSt common units such as inch,
. \'/i,foot, centiyeter, mo ter, pouﬁd qﬁart' gram,.“
'fiﬂ/bm kllogram, liter, second, degree, Celsius, etb. :
2.‘,6eoonstrate;ao.operational knowlgdge of_area ' f _ﬁlw.'f _i
;: xaodbvoluyefin terms of one-, two-,,and three- \ ;
‘ l/J dimensiopal measurements (e.g., a—l2 nd . f;~;
» ! ' ' ‘
| a=le' p¥l3, v=h ; a—btlz° aid v*h x 1 x w) ' 156_} . ;2l
~W;T»3 Be aole‘to measure time.T _ l .‘ E44 g : | lé e
4. Be able to measdre the'rate of changeiof a f )
property of an’ b;ecLAor a; ﬂgstemrof ob1ects.. -.Séf | :f‘22
.5. Represent ‘and /ecogn&ze thepspatial relatiod— l ,v;f; ‘:r; .
ships among tgo 'or mere objects:bj a scale ‘ - | ,
i “diagram (mapp%ng). . -/\ - ) ,,“ 62,}65 ©..25, 26
§J“_Rccognizefthe;approériatvnes%aod llmltatioés o0 .
:iof'measuring[devices io a given situatidn:i ‘ v'.. 43 ’ ; 1171.

-
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Process VI = Experimenting
In order for a student to demonstrate competence in using the

process of experimentiﬁg, he should be able to do the foiloﬁing:

Use suitable experimental procedures in seeking solutions to
iS4

problems, including possibi&g

Behaviors v ’ . - Questions

. : ' N * TSP "TTSP

1. Design an investigafion°appropfiate to the.
‘problem: |
a. Select, cla;ify, anddstéte in tesfaBle
term;'(perhaps,as an answerabie question-)~
the ﬁrimary variable to 5e inveétigated; 67,'71; 28,‘30

N b. Control. the variables-appropriately so

" - that logical conclusions may be drawn

with regard to the primary variable. 68 - 23

c. Distinguish between dependent and ’ L : -

) ~independent variables. ' 72 31
' - ' :

2. Perform the investigation: . ‘ . 4

Design, construct, or select, and success-

\ . |
E fully utilize apparatus to assist in data
", . gathering, where appropriate. 76 - 32
\.\ R <
3 i 3y e

Process VII Inferring

In order for a student to demonstratc competence in using the process

- -

of inferring, he should be able to do the following: R

[
g7

- ’
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'Beﬁaviors ‘ _ \ ) _ R uestions
TSP TISP

1. IdentifyAthé'factor most likely to:%ave. " <
causéd a given changé iQ‘a system. o - 92 38

© 2. Identify.and specify observations which

would pe needed to justify a particular

s

gené}aiizatioﬁ. 94,796 = 39, 40
3. Be able to distinguish getween a
rtatement based "directly on observations

e and one which is an inference or a

" generalization.

Process VIII Predicting
in order for a student toldemonstrate competence'in uéing the process i
of predicting, he should be able to ao the followi;g:
Behavioré \ ' : . " Questions
fSP. TTSP.

1. 'Be able to detect or demonstrate crends in .

data (pfésented in many different ;;ys) and.

be- able to usc these trends to predict by

‘extrapolation and/or ih;erpolation. - 2 88, 89  35, 36

2. Devise and use simple means of checking

the accuracy of the predictions made. 84, 90 . 34, 37

93
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g InstructionsmformAdministration»mr o

————~———-The -Test of Science-Processes requires- students to read-———-——---=- i

the questions carefully and then think logically before answering.

Therefore, "it should be administered in a comfértable room,

equipped with’ wr1t1ng,3urfaces2 well lit, and QUIET. In short, .

as with most tests, the most reliable reSUlts w1ll be obtained

under the best testing condltions.

-The total actual testing time is 73 .minutes or somewhat

less than two regular school periods. The test must be ° N

adminidtered during tWwo consecutive periods for the norms and

reliabilities to be applicable. If absolutely necessary, thé test
" may be split at about the half-way point and administered at two

different times. However, in this gvent, the user must determine

his own reliabilities and norms. .

" The first task of the teacher is to see tha't each student. is
seated comfortably with a good writing surface, at a distance from
his neighbor which is great enough to preclude collusion, and that

_each has a test booklet (which is to remain closed- until after. the
instructions are completed), an answer sheet, ‘and a piece of scrap
paper (and a pencil if the test is to be machine scored). When

* this has been completed, the teacher should:say: "I WILL NOW READ
THE INSTRUCTIONS ON THE FRONT COVER -OF THE TEST BOOKLET OUT LOUD-
WHILE YOU READ THEM TO YOURSELVES." Then the teacher.shouid read
the instructions on the-cover of the test booklet aloud WITH the
students follow1ng along with her.

The teacher should answer any reasonable questlons which are
raised during the instructionsy The teacher should check to be
sure that all students are:filling in ‘their answer sheets' Qname grids,

.etc.) neatly and correctly. ThlS is especlally important ;f the
sheets are to be mach1ne scored

L4

‘r
4
7

After the instructions have been completed and the teacher ds
" satisfied that they havd| been understood, he should say’ '"'NOW OPEN \,
> YOUR TEST BOOKLLETS TO PAGE TWO. YOU WILL HAVE-ABOUT FQRTY—FIVE
SECONDS FOR EACH QUESTION. YOU MAY BEGIN WORKING NOW ON OUESTIOW
NUMBLR ONE. KEEP WORKING RAPID.LY UNTIL I TELL YOU TO /STOP" At
this point, the teacher must begin timing the first 1nterval of-
_ the test. These intervals are designed to kcep the $tudents moving
.- through the test and to force them to attempt- all sectlons of the

test' so that their ability to use all eight processes will-be
sampled. . _ . !

. At the end of each of the intervals_listed below the teacher
should" say: "YOU SHOULD NOW BE AT LbAgT AT QUESlIOV ON PAGE..
. [fill in the approprlate quection and page numbers shown beldw.] IF
" YOU. HAVEOPA§SED THIS, KEEP GOING. IF YOU HAVE NQT YET REACHED QUESTION

100




b)

-

» SKIP IT NOW AND START FROM THERE. IF YOU SKIP QUESTIONS,
BE SURE YOU ALSO SKIP TO THE RIGHT ANSWER SPACE. IF YOU FINISH
EARLY, YOU MAY GO'BACK AND WORK ON ANY QUESTIONS YOU .SKIPPED." -
In the table below, the intervals are given in minuges.: The
T ’ﬂhqgcher should wait for the appropriate number of. minute$ to “
" -elapse, thgn réset his timing device, and then make the stdtement
given above. The time required for making the statement should be
‘included in the next interval (NOT added in between intervals).

N

o

TABLE IX  TIME INTERVALS ' \ 5
~ INTERVAL . STUDENTS SHOULD BE AT . ELAPSED TIME
After 9Tminﬁtes Question 13 on paée 3 9 minutes
After 7 minutes Question 22 on page 4 16 minutes
After 5 minutes ' Question 30 on page 5 21 ‘minutes
fter 5 minutes " Question 38 on page 5 26 minutes

After 9 minutes, the teacher should say, "STOP! PUT YOUR PENCIL
DOWN AND CLOSE YOUR TEST BOOGKLET. YOU MAY NOW TAKE A TWO-MINUTE
BREAK. YOU SHOULD STRETCH "AND RELAX, BUT DO NOT TALK." - .

After ‘aminutes * Question 50 on page’7 ) ﬁinutes - ¢

2
-After 7 minutes ‘ Question 59 on page 7 - - 44 minutes
-After 6 minutes "~ Question 67 on page 8v ' 50 minutes_
“After 3 minutes ° - Question 71 on page 9 " 53 minutes
- After 8 minutes = | Question 79 on page‘iC 61 minutes
After 5:minutes . Questirt 84 on page 10 65 minutes
« After 4 minutes . - Questicn 90 on page 11 : - 70 minutes

N

After 5 minutes, the teacher should say, "STOP!. PUT YOUR PENCIL DOWN
AND CLOSE YOUR TEST BOOKLET. THIS IS THE END OF THE TEST. YOU MAY
NQT DO ANY MORE WORK ON IT. I AM NOW GOING TO COLLECT THE ANSWER
SHEETS AND THE TEST BOOKLETS IN TWO SEPARATE PILES. PLEASE BE SURE -
'YOU HAVE YOUR ANSWER SHEET SEPARATE FROM YOUR TEST BOOKLET."

This copcludes ‘the actual test admlﬂlstratlon. The next stép
is to follow the scoring instructions -- either those contained in
this manual, or those which accompany the special answer sheets and
_scorlng keys., .

- - D

:L.
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© TABLE III
Scoring Keys l - @
Total Test: >
Tot “ | h | “
ITEM ITEM ITEM ITEM -  ITEM ITEM
- No.Ans. = No.Ans. No.Ans. No.Ans. No.Ans. No.Ans.
. v P - ,\, ' . e
- 1 1 17 5 33 5 49- . 5. 65 2 81 2
2 5 18 4 3% 5. 50 5 66 2 82 4
3 3. .19 2 35 5° 51 4 67 1 83 -5
4 1 20 4 36 1 52 4 68 1 84 2
5 2 21 1 37 2 .53 1 69 3 i85 2
6 5 22 3 38 5 54 4 70 2 86 4
7 3 23 1. 39 .1 55 2 71 1 87 2
8 5 24 5 40 4 56 2 72- 1 ~'88 2
9 4 25 4 41 1. 571 5 73 5 89 3
10 3 26 5 42. 5 58. 5 7% 3 9 5
1 2 27 5 J43 1 59 5 75 & 91 1
12 4 28 -5 4 1 60 & 76 2 92 5
131 29 4 45 3. 6L 1 77 3 93 2
141 30 73 46 3. 62 1 78 2 9% 1
15° 2 31 4 47 75 63 3 79 3 95 4
16 3 32,1 48 4 646 1 ° 80 3 . 96 4
Process I: Process II: Process III: Process IV:
OBSERVING -~ COMPARING CLASSIFYING  QUANTIFYING
ITEM TR ITEM ITEM
No.Ans.. *° No.Ans. = No.Ans. A No.Ans. .-
13 1 3 3 1 1 30 3
14 1 7 3 2 5 31 4
15 2 22 3 ' A | : 32 1
- 16 3 23 1 5 -2, _ 33 5
17 5 26 5 6 5 345
18 4 9 4 35 5
19 2. $10 3 36 1
20 4 11 2 37 9
2171 025 4 385
26 5 | 39 1
~27 5 40 4
5 . .1.»

: S ' 28 41
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Process V: " .Process VI¢

MEASURING EXPERIMENTING

ITEM ITEM
~ No.Ans. No.Ans. .
42 5. 67 1
.43 1 68 1
4 1 . 69 3
‘h45 3, 70 2
3 . 5
{46 3 71 1
47 5 72 1
48 4 74 3
49 5 75 4
50 5 76 2
51 4 77 3
52 4 :
53 1

54 4 :

25 2

56 2

57 5 5

s8° 5

59 5

60 4 &

61 1

62 1

63 38

64 1

65 2.

66 2 .

A s

91

LA a

Process VII:® s Process VITIL:

INFERRING PREDICTING
ITEM . ITEM
No.Ans. . vNo.Ans.
12 4 8 5
73 5. 84 2
78 2 87 -2
_7‘9~ 3 88 2
80 >3 89 - 3
81 2 90 5
82 4 91 1
83 5 93 2
85 2
86 P4
92" §5°
9% 1
95 4
96 4
b

-~

'Any departure from these keys (e1ther acc1dental or planned) by the
. user, 1nva11dates the corresponding norms, reliabilities, and

validltles The user should, therefore, employ extreme care in

e et

followxng these keys to obtaln raw scores.
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"Panel of.QualifieakResource People

“«
« .
- -,

4'.\ .
Rt (-8

State University ;. -

Dr. Dorothy E. Alfke, Professor of Science Education, The Pennsx&za;:a

Dr. Alfke has been engaged in science education for the past
thirty-five' years since receivihg a B.S., M.S., and Ph.D. frgh
Cornell University. Her teaching experience includes five years in
the New York public, schools, a year teaching sixth grade in Thailand,

" and the remainder of her gareer inrhigner education. In addition to

[

(]

61!

‘her- teactiing duties, Dr. Alfke has functioned as an evaluator for the ]
Pennsylvania Department‘of Education «and as’ q developer of science o
curriculum and materials. She is the aithor of severaI journal articles
and serves on the writing team for the Teachers Guide and TTV Handbook'

. for Teachers 6f the Science for the Seventies ITV" iesource.- . o

0
. ﬂ >

Dr. Robert L« Shrigley, Professor of Education, The Pennsylvania State

University

.~ Dr. Shrigley received a B.S. and M.Ed. degree from Ohio State'
.University and a D.Ed. from The Pennsylvania State University. His
‘twenty-three yéars of educational ekperience include a year of teaching
in the*Ohio public s¢hosls, two years as "3 science advisor at Kano
Teachers CGollege in Nigeria, and *ten years teaching experience at the
collegiate level. In addition to his teaching duties, Dr. Shrigley
currently serves as a consultant to the Curriculum. Advisory Quarterly,
Chicago, and to the Natibnal Associatior for Teachers of Biology.

He is the cha1rman of an evaluation teas for Title I programs, is the,
author of several articles dealing with@attltudes of pre-service
“science teachers, and is a‘member of the writing team for the

. Teachers Guide and ITV Handfook for Teachers of the Science for the
Seventies ITV resource. 3 .

v

-
.

Dr. Michael Szabo, Associate Professor of Science’Education,

The Pennsylvania State University _ ) o7
"Dr. Szabo earned a B.S. degrea from Taylor University and an M...
and Ph.D. from "Purdue University. His fourteen years in education
~include six years as'a_ teacher of physics 'in the New Jersey and )
Indiana public schools and seven years at the collegiate level. Dr.
Szabo has served as the assistant director of the Computer Assisted

Instructlon Laboratogy at The Pennsylvanla State Uniyversity, as a

e




L o : . . .. _,u',_.-"?\

E member of the Title ITI Proposal Evaluation Team for the Pennsylvania

«Départment of Education,.and' as‘a consuitant in metric edugation "and
'!_eyaluation., He has published several articles dealing with science

- processns and metric educ#tion.

. . . A
- s . y ] oy
- ‘ . - @

“

. Dr. Paul W. Welliver, Prof/ssor of Edutation The Pennsylvania State
- University

]

Dr. Welliver earned a B.A. degree from Western Maryland College
and an M. Ed. and Ph.D. from The .Pennsylvania State University. His
+ 23 years -of educational exﬁﬁrience include fives years of teaching

" sclence in public schools, a year as a science lecturer at the. Odk
Ridge Institute of Nuclear Studies, five years as a television studio
teacher, one year as a consultant in, science education, one *year. as
director of’the Mississippi Instructional Television Curriculum

"Laboratory' two years as Director of Education for. the Mississippi-
Authority for Educational Television, and six years teaching at the
collegiate level. Dr. Welliver is the project director for the

. -'Science for the Seventies" program and as such is responsible for
the supervision and preparatione.of instructigpal lessons, teacher .

orientation programs and testing. Dr. Welli{er is the author of

numerous articles dealing with instructional development, instructional
television afild science education. He has also written several source .
books in science for teachers. '

B
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4/ EXLC. SEYTAP, TRATN=TN,FOARYS=16 . '
s "$OETADF KINRI,LK
TEPIA2Y « STRP WAS. RXFCNTED = COND Cang 0300 o
CIFFITAY sTRPey / START 76127,2025 :
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. 'VISUALS .7 EXPLANATORY INFORMATION

(Practice Question 109) '7 j;J _ /
Here are 5 pieces of .papere Which piece of .
paper is both black and square’

kShowing How to Put Answer on Answer'Sheet)

d

(Practice Quesfion 110) ’

Here is a baseball on a sloping board. 'When.the
ball is released, what direction will the ball
go? ‘ g o T

T IRV TR STV e o

I ' (Introduction to ‘Part One of the Test)
et i, A oy S V. e e s nd - ’ . .

¢

(Introduction to Part Two of the Test)

126
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. EXPLANATORY- INFORMATION
(SETS Logo)
(/ .
u -

(Narrator Introducing:Teét and Giving Directions
for Taking the Test)

°

(Showing How to Find Test Questions in Booklet
Using Pracfice Question 110) '

’




__EXPLANATORY INFORMATION .~ - °

N R " Question 1

: ﬁA ::3“23 L:] " \\This is a picture of 5 pieces of paper. WhiCh
§ 5 E ? E:}- ?; * | statement identifies all the differences’
R .\“4.-. _' - . . .

Questioh“ﬁ
This isla Pic?ﬂéég°f 8 pieces ofipaperlc 1f yeu:-
group them by shape, what is the smallest number
of groups you can make? *

= -

__Questipn 3 . .

Here are 7 toy airplanes. Airplanes 1, 2, 4, and

"6 make up. a special group. What does this group
include’ S

G 0
e O )
i *!j;"- . ] : 'Questien ﬁl 3
H ‘,' - LhiS is a picture ot pieces of paper which were
9. left in“the sun for different numbers of days.
i L e e
' g , (jl -

Question 5 - : -
This is a picture of 5 things. Which of them has
volume? S

! ) ) \
.

18
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Question 6 ° -

sty 2404 YAl
prisY FA ol v

107

EXPLANATORY INFORMATION -

. -
-

There are two pots of water on a'stove.. Which
choice is the best way of telling how they are
different? . i :

.Quéstion'?.

o

Here are 5 objécts. Which of them is NOT in the
same state of mattér (solid liquid, gas) as all
the others? .

u ~

-

Question 8 . : B
- ) R \ ‘ R

This picture has 4 parts. Each part, shows a .

compass, a har magnet and a curved magnet.

In which two parts are three things arranged

in the same way?

Question 9.

L2

Here are 5 objects. Which objects could serve
as paper weights? ‘ o

Question 10 '.-1

‘Here are 6 objects.  Which obJecta can be
used for carrying water?

119



. L e T
EXPLANATORY INFORMATION
© Question1l ., . - - I

. Here are 10 marbles and 5 other objects. . Which -
objects  can be uged to carry all 10 marbles" at

the same time? , e
* N
) y i
' Question-lZl

-
r

Which temperature reading is 25 degrees lower'
than 15° Fahrenheit? -

. .
SRR C o N
: 2z Question 13. ;o e N
. ST _ . .
. i This is.a'chaff of information about 5 planets.
ao Which of these planets has the longest year?
twwiwq»ﬂ:j ’ N ] . . °
. . Question 14 . . . .
Look at the chartvagain. Which 2 planets have
' ' about the same length of day?
| ] ; :
| 3
B it g . . -
13l ISEERS Question 15
e st i T%is is a -graph of the boiling ﬁempefatgres of
i 6 different ligquids: Which’liquid has the
lowest boiling temperature?.
e ; ) .
[ - Qﬁestion'16
Look at the graph agagn. Which liquids have the
same boiling temperature? .

Y
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EXPLANATORY INFORMATION

.

~ Question.l7 ’

P

Here is a ball.  Which of these would be best.
for measuring the distance around this ball?

13

“Question 18 - - . -
Here are 2 clocks. In picture A it is-3:40 in
the afternoon. In.picture B it is 6:10 that
evening. How much later was picture B taken?

r f. #
’ ¢
S ’ “
. .Question 19 - .
B Which unit is used in expressing area? s T
. R Question 20
. ‘ _ » , |
o . ‘J ’ Which unit is used in measuring weight? =~ . °
L————'-.«‘.u'u.a-:-u).&.d: . ’ : oL ’ . y;
) . “ . &
. : T Y & R
a3 '.'\.“—".i‘ e
" : Quéétion 21 - '
a7 . : ¢ - . o . . 'O
0 L © This is a picture of a box with its measurements
) B shown on it. .What is the area of the top of the

box?, . -

L4

Quéstion 22

This is a marble and a ruler. If the marble

rolls from point A to pouint B in 2 seconds at

a steady speed, how fast is it going?
' 1

» 121
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VISUALS: - . » - EXPLANATORY INFORMATION = = -
- . . s : N . : T~ , .

'~bnestion 23 ;'.zb S L };3

5 ‘This is a picture of'a Hox and 5 drawings. .
. " Which'is the best drawing of the box? &

s T SR

Question 24

. T8
[ . W s
, " Question 25 . s
- ~ » \ B . - \ L .
‘ This is a map. How far is it from North Town
k . to Birch Falls? . . ; o : .
Question 263fi.* - .; -”;f'. oo M
’Look“ot the map Sgaln.’ If you were u51ng the,
same scale to draw another map, how far’ apart .
r"”"f.“”' S would you place two towns which.are 5 miles from
: ] “each other? * o e ’
- ' ' cm\‘}
. ‘ ‘Question 27 Lo " R
| SUPRRSIVIRIETO'SFS P50 PN T PIQERs ¥ o ¢ e : o . st
’ In which pair ares the units closest in size?
. ;.&.A.Au{-i':..‘.,.,:v‘c ' i
) o 1 . . . . 2
) \ \ Question 28 R ' L
SR “These are two" e,cube trays.  One is f111ed wlth
L e very hot water and one with cold water. Many ..
people say: '"HOT WATER MAKES ICE CULES QUICKER.
THAN COLD WATER." . Plan an experiggnt to test
, ’ this.-- Which ch01cn would be the bebt statement
; : . ' for helping’ you’ )
. . C s g -




. . . t i pa . ) ¥
" VISUALS ' - EXPLANATORY INFORMAIION'
Queetion 29
“If you want’ to test the statement: "HOT WATER
MAKES ICE’CUBES QUICKER THAN COLD WATER." which
L “factor is the only one you should allow ‘to chanoe
‘@'f“"= o ' 'during the experiment7 .

Quéstion 30 i e

This .is a graph of the results of an experiment.
200, seeds that were-10 years old and 200 new
_seeds were planted. in’ -good soil and watered each
day. s ®
. o - 100 olqd seeds were put in a cool place
- o7 7100 old” seéds were.put in a warm place_
. 100 new seeds were' put in a- cool place -

' 100 new seeds were put in a-warm plaqe
Five things whlch may affect the growth of the

AN I

seeds are: water, heat, soil, age, and light.
Which of’these were tested7 R
- ( ' s ' .
. N
d@%stion 31 E Co R

o . Look at the graph again. Hére are some things

' o you can see on the graph: : ‘ '
e o 1. 182 seeds sprouted

2. 200.seeds were 10 years old

3. 200 seeds were. new

4. 200 seeds were kept warm

5. 200 seeds were kept cool

-Whlch one happened because of all the others?

Qdestiow 32 ‘ ) ; f .

Here are 5 containers which will be left out in
a thunder storm Which 1is the best container to
.use to find out how many inches of rain will ‘
fa117




' VWISUALS = . " EXPLANATORY INFORMATION

Question 33
Here are 4 screws and 4 magnets.  Which statement

[

Question 34

N

Here is some string. Thg manufacturer claims
it will hold at least 100 lbs. What is the
best way to check' this? '

- Question 35

SO —— - ‘This is-a chart of the change in length of a
: metal bar as it is heated What is its length

1 at40°c.? , g

Question-36

. Look at the chart again. What will the lcngth
“of the bar probably be at 100° C.?

o
‘Q\‘.

.

Question 37

! ~What 1is the best way to check the answers to
‘the last. two questions?

124

CANNOT be-'made juyst from looking at the picture?



EXPLANATORY INFORMATION i

d

Question 38
A

These are 2 pietures'of'a battery, a bulb, a

switch, and some wires. Which is the only
thing you can be sure is different between
the pictures?

Question 39

If you want to prove that "NOT ALL THINGS GET
BIGSER AS You HEAT THEM," what would you need
to do? -

- &
- % v

{(Example of numbers used to introduce each

question)

Question 40
If you want to make this statement: "THE COLDER
A CITY IS, THE MORE SNOW IT HAS,' what do you.

‘need to know about some cities?

(Example of "WIPE" used on ‘each questibn number)

A



\
|

EXPLANATORY INFORMATION

(End. credits to part 2 of t:est:)>

~

)
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' SCRIPT FOR INTRODUCTION AND SIGN-OFF .
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L ’
: INTRODUCTION To TEXT ol |
I PAmlr I . \
+ \
. A ) . . : RN
. vmso R \ , AUDIO
SFTS Film Open . ., ., |'Hello. This is the "Television Test
Dissolve to’slide of title of Scienck Processes' Part I. . Unlike
-,on*studio monitor, - . \many, of. the tests you take in‘school,
Zoom out on monitor to " - : this tesc~w111 involve what you see’ here
“include Steve. - - lon the televisiéon screen. ..Before we "
I . ' begin, however, we have two practice .
questions that will'show you how to take
‘|the test.. Look at‘the first page of your”-f
5" UuL uo not cry to answer -
—_— the questions until T tell you to begln. Y
. . . ! . | ‘_. Lo vl . "\': | S . |
Punch test onto monitor. - ° | Here- ‘are ‘two practice questions numbered | .
Cut to CU on camera. : 109 and- 110. (Point) After -each
' \question are ‘the answer choices marked
» B,C, D, and E.
{Point) - .
- . . Lo
}
o ] ] 3 L ) ]
Cut to Steve and punch up” N?w look at -your answer sheet, -
answer sheet on monitor. = “- o '
Cut to CU on camera. - . and find answer spaces 109 and 110.
. : Use these spaces to mark your answers,
;tg the practice questions when it 7is
time. Be .sure to mark only .one ansver,
- o - using a pencil to darken the space N
: : i+ . under the letter of your choice.
Cut _to Steve , o w7

Before each question, the number of “that
question will appear on the screen like

. c <. this... ‘
Punch up 109 slide c¢n & ' ‘
monitor. . : : : .
Cut to CU on camera. . "Question 109". So you know which

question we are on. Then you will see
a picture on the screen like this...

~

-

e
o
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VIDEO . - - S AUDIO

Cut to test picture. and I will ask the same question you
= ' T have in your test booklet. ""Here
are five pieces of paper.  Which
piece of paper-is both black and
square?"” Now, we will wait for ome.
_ minute while you check your choices
¥ ' _ and mark your answer on the answer
sheet. (Hold 1 min.)

N

Cut to Steve. o Okay, you should have marked your
S ___answer by now. Let's check—its
‘Punch up test on * ’ - " . ’ ,
monitor. . : o . S . Co H()
Cut to test picture. - . AU

. ‘ : v . “Choice “A" is the only piece of paper -
that is both black and square. While
"¢" is square, it is not black.

Cut to answer sheet. =~ : R

On your answer sheet.you‘should'have
+  marked space "A" by number 109. "Now
here is the other practice question.

‘vCut to 110. .- B ‘ T , a

Question 110.
Cut to test picture. . "Here is a:baseball on an incllned
- . ' plane. When fhe ball is released,
: what direction will the ball go?"
(Hold 1 min.)
Cut to Steve. . i
N Okay. The answer is "B" -- "down the
board." There are no trick questions
in this test. On your answer sheet...

Cut to answer sheet. . you should have marked space "B" by
’ question 110.

When ve begln the test,.you will mark
your answetr to question #1 by #1 on
. your answer sheet. (Point)

Iy
p
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. VIDEO :

Point ta3 #1

Cut to Steve.

St
v

Cut to title slide.

Slide of title. ..

A

INTRODUCTION TO TEST

118 -

AUDIO

We will now pause for_ 1l minute so
you may ask your teacher any questions
you may have about taking the. test.

by

(Hold ‘1 min. )
We ‘are now ready to begin»—%afn—to———
question #1 in your test booklet.  ~

Close to, Part I. .
This is the end of part one. “We will
continue with part two of the test at
a later time. Thank you.

PART II

- VIDEO _ | .

- SFTS Film Open. = e

Dissolve to title slide ~
on monitor. Zoom out to !
Steve. a

, Cut to title:

Slide of title.

AUDIO

Hello. This is the "Television Test

of Science Processes" Part II. At the
end of part one _you had answered ’
questions 1 through.25. "In part two,,
we will. continue the test and you will
answer questions 26 through 50.  We
will pause one minute so you may ask
your teacher any questions that you may
have about the test. . :

. (Hold 1 min.)

We are now ready to begin, turn to
question #26 in your test booklet.

Close of Part II .
This"is the end of the ”Telev131on Test -

of Science Processes.". Thank you.

&
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APPENDIX H .

N TEST OF SCIENCE
_FORM A AND B
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DO NOT TURN THE PAGE UNTIL THE TEACHER TELLS YOU TO DO SO '+

»

'TE-LETV-}S:ON TEST -
. SCIEMCE  PROCESS

L.

L

S . ' INTRODUCTION: - ]

~

e

This test is different than many of the teéfs’ypu take. It will _
involve what you see on thsa television screen. Choose your answers
Tom among the choices given in this booklet. Mark your choice on.
-the spec1al answer sheet ' :
Below are two practlce‘questiqns. These will help vou to understand '
what you are to do. Wait for the ;elevision introducticn before you

be01n.

109. Yere are 5 pieces of paper. 'Which‘piece:of paper is both
black and square? ‘ o ' g

CoNe

[ca e B @ M - < B 2
Ut L N
=

110. "Here is a baseball on a sloplno board. When the ball is
released, what direction w111 the ball go?

\‘
.

A. up the board N\ N BN ; .
* B. down the board - N\ _ - ’ )
C. stay where it is released \
~ D. will rise in the air . \\
E. both A and 3 (meaning bbth up ~nd down the board)

X

\ B
\.

o : . < .
DO NOT Tb N ”H” "PAGE UNTIL. TUE A%ACHIR IS Y WL TO LO SO
. ) _ \
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1. Here are 5. shlrts. Which §%irts could be seen.eaaily in the

dark7
© A 1and 4 K
B.. 2 and 3
C. 1, 3, and 5
D. "2, 4, and 5
- E. 2, 3 and 51

2. thlS‘ls a pictuve of 8 pleccé ofvpapEr "Which pleceé can be
- taken away "so that 'they are all of one color and a11 of one

. shape?
. A. 1l and 6
- B. 2 and 8
€. 2 and 7
D. 1l.and’3 .- - -
E. .4 and 5 - ”

>

3. Here are 5 objects. How are they all the same? .
They are used for eating. L , .

They are the same color. S g
They are"made of wood. t

They are about the.same size.

They are about the same shape. . °

Mo Ow>

4. This is a ﬁicture:of 8 pieces of paper. Which piece§ are black
~and have a triangular hole? . - ’

A. 1, 4, and 6 ' )

B. 1,-2, 3, 4, and 6 : IR

C. 5 and 8 - . .. o

D. 1, 4, 6, and 8 - -
E. 4 and 6 :

'5.V'ﬁdok at the picture of the 8 pleces of paper agaln Which pieces
"~ have square holes and are NOT black7

A., 2, 3, 4, and 7
"B. 5 and 7 )
C. 5, 7, and 8
° D. 1, 3, 5, 7, and 8
E. 2, 3, 4, and 8 .

L4
6. . This is a picture of 5 pieces of paper. Which statement ddentifies
all the differences? o

A. 4 is a dlffergnt color

-B. 2 is smaller. 2 . : .
C. 2 is smaller than all the others and 4 is a different
T~ ' color. ' '
L |
~—_ o

— . 183 .
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. °D. i, 3, 4, end\S'ere the same size.
: E. 4 and 2 are different from each other.
7. This is a picture of 8 pieces of paper. If you put them
- together by color, what 1s the smallest number of groups you
can make?

Y

A.

- B..
« C.
D.
. E.

B WN e
<

8.- Look at the picture of 8 pteces of paper again. .If you group
' them by shape what 'is the'smallest number of groups you can make?’

¢

& A.
' ‘B.

. C;
g D.
E.

meWwhN -

y 1 | o
N .

9.. Here are 7 toy airplanes. Alrplanes 1, 2,4, and 6 make up a
special group. .What does this group 1nc1ude°

.
-

The planes that are modern jets
The planes that are not black and are modern Jets
The planes that are black

o

The planes that are not black ST
\ .. _The planes that'areagray and white old-time two-wing
' airplanes. : . : :

m o>

10. This is a picture, of pieces of paper whﬂch were left in the sun
for different numbers of days. Which ig the only thing you can
say for sure, based on what you see in tho pltture’

A. Sample 1 faded more than sample 2. P

B. All paper will continue to fade forever the longer

- = you leave it in the sun. '

C. Any paper left in the surn will fade. ,

D. Both samples faded more by day 5 than it had by day 2.
L, E. » Paper will fade in the sun, but cloth w111 not:

3

li. %his is a.picture of 5 things. Which of them has volume?

: ‘A. The block .
B. The square . : , R
C. The circle

D. The triangle.

E. The curvéd line

~j\/ L
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12. This is a lima bean seed. Which choice best describes only
what ‘you see? _ ; .
A. The seed.is growing
B. Someone planted and watered the seed. :
C. The seed coat has split and a root and a. stem are
coming out of the seed.
"D. A root is growing down and a stem is growing up.
- E. The seed has germinated.

.“'

4.

13, These are two pots of water on.a stove. Which ch01ce is the
' best way of te111ng how they are d1fferent7

A. The water is boiling irn picture B.
B. The gas is on in pjicture B.
C. The water gets hot when the gas is on.
D. .The water is not ooillng in picture A-
" E. The water is boiling in plcture B, but it is not
" boiling in picture A. - . - -
14. Here are 5 objects. Which of them is NQT in the same state of ’
' mdtter (solld 11qu1d gas) as a11 the otl others’ ‘

L3 . ’ l
' A. The penc11 . ;
B. The water _ o
C.” THe toy whistle '
D. .The ball
E.

The beads

.15. Thié‘picture ‘has 4 parts‘> Each part shows a compass, a bar

magnet, and a curved magnet. In which two parts are three-
things arranged in the same way7

;4 A land3d '- , L -
"B. 2 dnd 4
C. 1 and 4
D.. 2 and 3
E. 1 and 2 . “

16. Here is‘a candle.. Which sentence tells all that you can see
in the picture and no more?
A. Someone is holdlng a candle whlch is burnlng anﬂ
- giving off smoke.

B. Someone has just litea candle.

C. - A boy is holding a burning candle. :

D. Someone is about to be burned by the candle he is

‘holding.
E. A-candle is burnlng and giv1ng off llght and heat.

cy
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~“17. Which sentence best'describes these two pidtures? R
B _ . & KA N
. " A. The objects are different, and ‘they are arranged T
L differently. . ot
s 7 B. The objects’ are different, an \they are placed N
. " . in-thé same way. Lo
C. . The objects are the same, but hey are placed ) .
: differ-ntly - L _
D. The objects are the same, and/they are placed 1n .,H**i';V

the same way.
E. Picture 2 1s a mirror imdg of picture 1.
. N s N o
-18.. This shows two things happening._ Which sehteﬁce tells a way
~ they are the same9 y

“

v

.Jﬂ:Ai something is burning in both and heating something

. else . . . ) B -; L .. \
" B.'-Glass is used in both.’ : . R
" ¢.. There is a solid burning in both. IR T e
. . D, Something is .cooking in one; ‘but in the othe;, R
. ' something is being lie. |
"E. There is a. liquid burning 1n.both . R
) . N \ \ . . . r __‘ - .
19. This is a_picture of & items. Which items are the same?, .—2.. - .
. . - . . L Y e -
M Iandd . ¥ T T -
B. 2 and 3 . ) ' . -7 - . c{
C. .1, 2 and 4 : Cow L, ol . . .
D. None _ y . v o
Ex 2 and. % T . e S
| ® S o o
20. Here are 6 obJects., Which obJects*hre round like a ball and
not flat? N A . : _
A. 1, 2, 3, 4,.and 5 o
B: 2,3, and 5 . . \\S\\ J
, C. &4 and 6 R N
. D. 2, &, and 5 . N
VE.Afl; 3, 4, and 5 .
21. Here are 5 ob;gnts. Which objects could servé a's paper weights? .
1 ' ' . . ’
. A 1,3, 4,and 5 . ' ST LT .
- B- 3 and 4 o . SR - :
€., 1,2, and 5. - _ ST T .
- D.f-? and 5 . . . . - ‘ Ay
, ."E. 2, 4,.and 5 )
. \-_ ' - \ v P :
. LS ‘ . -
.0. -




'f22.VfH§£e.%féﬁ6 objects. Which objects can be used for carrying
S v AL 1,2, 3, 4, and.6
R B. 1, 2, 3, and 6 : . : .
M - € 1, 2,3, 4, and 5 . . T
D. 1,:2, 5,7and 6 ' ' . s
E. 1, 2, 3, and 5- . _

23. Here afe 10 marbles and 5.other ijects. Which objecté can
" ' be uséd to-carry all 10 marbles at the same time? '

: : . 7
o - A, 1, 3, and 5 o AR
- ¢ B, land 5 * .
C. 1, 3, and 4 - . ’ A ‘ )
i : . D. 1, 2, and 3 ., o " : :
B "« E. 2, 3, 4, and' 5 : L. - i .- v!'
.24, Which number is five hundred sixteen fhohsahd, three-huhdred .
a - severity~two? . - : e 7 L
S A. '576,312 ©
- B. 572,316
BEERN C. 516,372 . .
' . D. 372ﬁ§16 B — o .
‘ E. 516,370. , - R : ~
25. THese are 4 blocks. Which choice'lists the blocks from - -
 shortest to tallest? ' . , o
A. 1, 4, 3,2 ‘
B. 2, 4, 3, 1 4 ’
c.  2,3,1, 4
D. 2, 3, 4, 1
E.. 3, 2, 4, T" .

. . n, > . ,
26. Which temperature reading is 25 degrees lower tha 15?

-Fahrenheit? =~ » //
A. -10° Fahrenheit ' B
B. 15° Fahrenheit -
. C. =25° Fahrenheit ' e
D. 0° Fahrenheit T i
E.. 40° Fahrenheit L 4 ;
27. Here are 50 straws. What fraction of dll.bﬁe_straws is on the
\ dark paper? ; s ‘
A. 1/5 o . /
B.” 50/5 | . '

. b
o K
- : : +
“
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C. 10/25
"D. 2/50 .
‘E. 1/10 ‘
28. Here are 4 glasses of colored water. Whlch choice 11sts the’
. ) glasses from most water to least water?: - : -
S - -
' AL 3, 1, 4, 2
+ B¢ 2, 4,1, 3
C.. 4,3, 2, 1"
\ D. 4, 2, 3, 1 '
- E. 2, 4, 3, 1 J

29. Which of these deécimals is equal to 15/1007

A, .85

B. .015 = T

c. .20 _ ' : .

D. 1.5 - - o

E. .15 _ _ _ ‘
:30. - If the 17th of Varch is Saturday, what day of the week is the ?3rd

of March? .

A. Sunday

B. Monday

~C. Tuesday

D. Thursday

E. Friday

31. This is a chart of information about 5 planets. Which of these
planets has the longest ycar? '

Jupitcr K

Saturn .

Mars ) : i ' )
- Mercury - .
E. Uranus

1Y aQw >

3

, 32. look at the chart aga:n Which 2 planets have about the same:
‘ " length of day?

. A. Jupiter and Saturn
B. Mars and Jupiter
C. Mars and Uranus
D. Mercury and Uranus
E. No two

~
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33. This is a graph of the botllng temperatures of 6 different 11qu1ds.

Which liquid has the lowest boiling temperature” N
A, Liquid 1
B. Liquid 2
"C. Liquid 3
. D. Liquid 5
E. Liquid 6
- 34, Look at:the'gfaph again. Which liquids have the same boiling
temperature? : ' : .
B o
i A. 6 and 4.
- B. '3 and 4 ,
‘'C. 1l and 5 o . g
D. -2 and 1 . , - :
K\ “E. ‘3 and 5

35. Here is a ball. Which of these would be best for measuring the
distance around this ball? .
A. Tape measure
B. Meter stick
#C.  Yard stick
D. 1l-foot ruler
E. 6-inch ruler .
36. -‘Here are 2 clockﬂ.. In picture A, it is 3:40 in the afterncon.
In pictuxe B, it is 6:10 that evening. How much later was

picture B taken? , _ . '
A. 2 hours and 30 minutes L .
B. 6 hours aad 10 minutes . .
C. 3 hours and 40 minutes ' ‘ Ay
D. 9 hours and 50 minutces
E. 9 hours and 30 minutcs

o 37. This is a thermometer in a glass of water. What is the temperature
. _of the water? - N :
. ' A, =50° Fahrenheit
B. 90° Fahrenheit
C. 20" Centigrade
D. 20° Fahrenheit
E. 9° Centigrade
38. Here is a box with its measurcments shown on it. There is also
' a drawing of a box wihich has been scaled down., One wmeasurement
is left out or the seale drawving. What should it be?

139
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1 inch : . S

2 inches _ ‘ . o -
'3 inches - s to
.4 inches N ' . .
5 inches e

WO owh

39. Which unit is used in expressing area?

-~

A. 1TInch
B. Cubic centimeter
~C. * Yard : . ,
’ D. Square Yard o o .
. aE: Meter N T . - U

40. This is a balance scale with a toothbrush on 6né side. If you
7 wanted to weigh the toothbrush what would be the best objects
to balance the scales?

) A. The marbles - : o -l
B. The, stones : . ‘
C. The screws
-D. The papers
" £. The wires ‘

41.  Which unit is used in measuring weight? ‘.

“a

A. Gram . o _
'B. Kilometer ' _ .
C. Cubic centimeter ' C

v, - D. Centimeter

E. Meter

42. This is a picture of a box with 'its meacurements showu on it.
‘ What is the area of the top of the box? A

"A.. 20 square inches

B. 300 square inches ' \
« C. 35 cubic inches . \
, D. 160 square inches ' - \
E. 35 square inches ) ”f\

\ : . \
'43. This is a maxble and a ruler. If the marblc rolls from po:nt A
' to point B in 2 seconds at a steady speed how fast isg it’ g01ng°

A, 12 inrhes per 2 seconds -
B. 24 lHLhQL per second ‘

C. 2 feet per second .

D. 1/2 foot per second

LE. 1 foot per second

~

“.
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“”44. Thls is a picture of a boK and 5 draw1ngs. Which is the best

drawing of the, box? - ’
A1 -
B. 2
. . C. 3
/ D. 4 B *
. : E.-5 &

45. Which unit is used in measuring length?

A ¢

- A. éentimét:e_r

B. Gram , N : :
C. Square yard - R _ S
D. " Acre - ' : CT
E:‘ ngrt ) ’
~ \_,/ . : ' ‘ T K

46, . This is a map. How far is it from?Norﬁh Town to Birch Falls?

A 9 miles v

B. 18 .miles . ) : .
C. 4 1/2 miles - o

D. 27 miles

~ E." 6 3/4 miles : ' K/’f\ T
| ’ A ) . /) -

47.. Look at the map again. If you were using the Same scale to draw ‘
.another map, how far apart would you place two towns which are 5
miles from each other?" ‘ N

‘A, 10 inches:
B_f 2/5 _inches,
C. 5 inches
D. 15 inches
E« ‘,1 foot

. 48, -In which pair are the units -closest in size?

-

A. Pound and.Kilometer
B. Yard ~d wecter - ) -
" . C.. Meter and mile
‘ D. ‘Gram and liter T ; oL,
E. Centimeter and foot = A {

49. These are two ice cube trays. One~is. filled with: very ‘hot water
~and one with'cold water. Many people say: . 'HOT WAIER MAKES ICE
‘ CUBES QUICKER THAN COLD WATER." Plan an experlmentlto test this,
Which choice would be the best statement for helping you?
. o

/
. ~ . /
a /

-/ A
e ‘ ( b ,
141 \ | :
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el A. The hotter the water you start with the faster ic
y ;/--' v ~ will freeze into ice cubes. "
../, .. ' B. . Hot water freezes into ice cubes fast.
C. Hot water freezes at higher ‘temperatures than cold
© water.
D. Hot water freezes into ice cubes faster because it -
- turns on the refrigerator.
E. Hot. water makes steam -— steam ‘keeps the refrigerator .
' going. :

50. 1If you want to test the statement: . "HOT WATER MAKES ICE CUBES
QUICKER THAN COLD WATER, " which" factor is the only one you
should allow to change durlng ‘the experiment?

r’y

“A. . The temperature of the water you use

B. The amount of water in each tray B
C. The position of the" trays in the freezer
. D.  The refrigerator 4in which you put the trays

.E. The Llnd of trays you use
51. Some things that can’ change during your- experlment are listed .
below. Whlch one changes because of all the others?

. Thelkind of trays you use

. The refrigerator in which you put the trays

. The time it takes for freezing

. The temperature of the water you use
. The amount of water in each tray

i

HOoOOWwW>P

52. This is a oraph of the results Qf an experlment. '200 seeds tbat
. were 10 years old and 200 new seeds were planted in good soil .
and watered each day. -
100 old ‘seeds were put in a cool place
- 100 old sceds were put in a warm place ‘.
100 new seeds were put in a cool place
» - 100 new seeds were put in a warm place-

Five things which may affect the growth of the seeds are: water,
heat, soil, age, and light. Which of these were tested? ’

"Heat and, age only
Soil, heat and light on]y
Heat, soll, age and llght only
- Water and soil only
Water and age only

MmO Ow>
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53. "Look at the grapﬁ again. Here are some §hihgs'you can see on the
graph: :
1. 182 seeds sprouted
2. 200 seeds were 10 years old o _ ,
3% 200 seeds were new . -~
4. 200 seeds were kept warnm .
5. 200 seeds were kept cool 4 -
- : ' NS
Which one happened because .of all the others?

Mmoo aw >

U S WM

S

_54. Look at the graph again. Here are five statements about this
experiment:

-

‘More new seeds sprouted than old seeds.

Heat makes a differcnce in how many seeds sprout.

Age makes a differcnce in how many seads sprout.

Water makes & differecnce in how many sceds sprout.

Water did not make a diiference in how many seeds

sprouted. : - ‘ Cos

N w N

Which of these can you find from the graph?

A. 1 only
B. 1, 2 and 4
. C. 1, 2 and 5 =«
D. 1, 2 and 3
E. l-and 2 only

55. Look at the graph again. Some other experiments you couldt do are - .
listed on your answer sheet, Which one is not based on the experi-
ment shown in the graph?

A. A study of seeds of several ages ‘ : C-
B. A study of the effect of dilferent qo1]s on seeds
C. A study of the heights of plants
. D. A study of the effect.of different amounts of water -
on seeds
E. A study of the-effect of different temperatures on seeds

56. Look at.the graph once more. Why were 400 sceds used?

N .

143
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! A. 400 makes 4 groups of 100 each is a. round
" number.
B. Experiments require exactly 100 samples in each group.
C. . 400 were all the seeds that were avallable.
D. The groups needed to be large enough so that what
was found out was not wrong due to chance. .
E. . 400 happened 'to be the number taken out of the bag. L

57. Here are 5 c¢ontainers-which will be 1left out in a thunder storm.
Which is ‘the best container to use to find out how many inches of
rain will fall? . .

A, 1 .
. B. 2 .

c. 3,

D. 4

E. 5

58. This is a chart of wind direction at noon and midnight for ones*

week. Which is the most general statement you can make  based
on this chart’

A. The direction of the day winds is 180° different from

. the direction of the night winds.

B. The direction of the wxnd.xs.dlfferent at night than
it is during the day.. ' -

. C. There is always a dind
" D. Day winds come from the east and night winds come {rom

the west.

E. "It is warmer during the day that it is at night.

59. Here are 4 screws and 4 magnets. Which statement CANNOT be made
just from looking at the picture?
A. Screws 2 and 3 have big heads. . '
B. Screws 2 and 3 are sticking to their magnets.
- C. Some screws are made from a metal which is not
magnetic.
D. All the-screws with big heads in this picture are
sticking to their magnets.
E. Screws 1 and 4 are not sticking to their magnets.
.
60. Here is some string. The manufacturer claims it will hold at’
least 100 pounds. What is the best way to check this?

‘A. Hang a weight of 75 poundq ‘on the string and keep
adding Jl-pound weights until it breaks.

144 -
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B. Hang a 100-pound weight on the string and see 1f
it breaks.
C. Let two 100-pound boys pull on each end of -a piece
~ of the string and see if it breaks.
" D. - Hang 101 pounds -on the string and see if it breaks.
E. *Double the string and hang 50 pounds from it and’
see if it breaks. . . , .
61. Here is a balance scale and 6 marbles. Varbles 1 2 ‘and 3 a11
weigh the same. When marbles 1, 2, and 3 ‘are put on one'side and
"4, 5, and 6 are put on the other side, they balance:. Which other
facts do you need to know in order to say that a11 the marbles

weigh the same? : i A
A. Marble 5 weighs the same as marble 2.
, B. Marble 5 weigh$ the same as marble 2.and marble 1.
C. Marble 3 weighs the same as marble 6. B
D. Marble 4 weighs the same as marble 5 and marble 6.
E. Marble 3 weighs the same as marble 5., -

, 62. This is a barometer. From reading it, which statement about the
-+ weather can you make? :

A. The barometric pressure is rising

B. -You do not have enough 1nformat10n to tell yOu what
will happen..

C. The weather is changing.

D. 1t will rain in two days.

E. The barometric pressﬁre is falling.

63. This is a chart of the change in 1en°th of a metal bar as it is
heated.. What is its length at 40° C.? . .

A.. 101 centimeters
. B. 10l1.5 centimeters
C. 102 centimeters
D. 102.5 centimeters
E. 103 centimeters
64. Look at the chart again. What will the length of the bar
_probably be at 100° C.?° “ '

103.5 centimeters
. 104 centimeters
104.5 centimeters
105 centimeters
105.5 centimeters

B!.U.OOU>
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‘65. What is the best way to check the answers to ‘the last two
questions? . . .

-

1

A. Measure the bar at 100° C. and’ then graph all the
numbers to check your answers. E

"B. Measure the bar at 120° C. and then make a graph of~
all the numbers to check your answers.

C." Put all your answers on the chart: ‘and see if they -

" look correct.

D. Measure the bar at least 5 times at other temperatures -
and compare what you find with your answers.

E. Measure the bar at 40° C. and at 100° C.” and compdre
-what you find with your answers. ‘

- 66. These are 2 pictures of a battery, a bulb, a switch, and some
wires. Which is the only thing you can be sure is different
between the pictures? , - .

. The bulb was replaced for picture 2.

. The wires were tightened for picture 2.

. The bulb was screwed in for picture 2.

. The battery was electrically recharged for picture 2.

. Electricity is flowing through the bulb in picture 2.

moO Wk

67. If you want'tolprove.that “NOT ALL THINGS GET BIGGER AS YOU HEAT
. THEM," what would you need to do? :

A. Find one thing that does not get bigger when it is
heated. . ; o

B. Find all the things that do not get bigger when they

' arc heated. ' '

C. Find one thing that gets bigger when it is heated.

< D& Find all the tHings that get bigger when they are
. heated. y ' S
E. Find all the things that do not- change size when they

are heated. . v

68. If you want to make this statement: "THE COLDER A CITY IS THE
MORF SNOW 1T HAS," what do you nced. to know about some cities?

A

“

A. The average temperature of each city and the number
of snow plows ecach has

" B. The number of days school was closed in each city
because of snow -
C. The average temperature and precipitation of each city
D. .The average temperature and average snowfall of each city
E. The averape number times it snows in each city

e
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TV TEST OF SCIENCE PROCESSES - . = .
S -+ TEACHER'S TEST MANUAL

!

;. Introduction - : - : B ’

' 1
This test is a modlflcatlon of Dr. Robert Sher Tannengaum s
Test of Science Processes. It has been adapted for television
presentation-for the intermediate grades in -an; effort to asgess the
scientific. skills and abilities that aré empha31~ed in many of the
modern science programs. Dr. Tannenbaum defines processes -and the
function of the test’ as: o S

?

u'Pl:ocesses are ways of doing things. For exampl von
_scientists have to be able to look at things very catefully and
o tell what they see. Scientists have to ‘be able to measure and use
numbers. And, scientists have to be able to plan and understand
experiments. This is a test of how well students can do some of
the things scientists have to do. It is NOT.a test of how many’
‘facts they know about science. . ' Lo

Preparation @ : S - - o

" Allow sufficient time before the scheduled TV presentation to
prepare the students for the TV test.’ Following the introduction‘to
Part I of the test, there will be two practice questions to show
your students the test format followed immediately by the test
questions. Be.sure your students have the necessary materials prior .
to the TV presentation. They shoyld have a pencil, a piece of ’
scratch paper for doing any computations, an ahswer sheet,vaﬁd a
test booklet. . Additional pencils and scratch paper should be
raccessible to the students. Do not allow the stidents to open the
test booklet prior to the TV prescntation. Do not "prime" the -
students in any way through your knoweldge of the test questions

as this will negate the test results: To help you regulate the

time and reduce the chance of a period of inactivity prior to the

TV presentation, vou can have students-fill in the necessary student
identification infermation on the answer sheet until the presen-
tation begins; and complete the informatipn after the’presentation.

'

¢

TV Presentation . ' - ' . i

Information rognrdihg the time of the TV presentétion'of the
Television Test of Science Processes will ‘be given to you by your

oo N 148 i
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school) district.w The TV presentation will consist of two 30
minute programs gfven one week-apart. Part I will include two
_practice questions and questions assessing the processes of
classifying, observing, comparing, and guantifying. Part II
o will not repeat any of the practice questions or dlrectlons,
but will include questions assessing tha processes of measuring
inferrlng, experimenting~and predlctlng Thelprograms will
_present all the information necegsary for the questions, includlng
the visual presentatlon as well as the audio presentation of the
,narration glven in the test booklet. o : . v %h
v .. : )

..

“Test Booklet

°

” . 14
Inform ‘studénts thiat they should not write in the test L
booklets. The test booklets-contain the test questions and. answer
“choices that.are contained in the narration of the TV presentation.
While there.,is no visual information on whlch to base answers, it °
is imperative that the students should not review any of the test
questions prior to the formal presentation. This additional "cue"

factor could 1nva11date the test results by 1ntroduc1ng a reactive
effect of 1nteractlon effect\

" I . ' -
Answer Sheet

The answer sheet that is suppf&ed is a machine-scored type.
Instruct the students in the correct way to mark answers. The
following diagram shows the correct way to fill out the name block.
Answer spaces 13, 14, 19 and 20 are .done incorrectly as an example
of common mistakes often- encountered with those not instructed in
the use of this typé'of answer sheet. ,

Be sure to tell your students to choose only one answer for
each question and to fill in the answer space with dark marks.

If a student should chan e an answer, remind him to-erase his flrst
mark qompletely. If he breaks. a pencil he is to hold up his hand
and the teachor will givle him a new one 1mmed1ate1y . ST

[

' There-will be i single answer sheet for the two-TV programs.
Be surec to use.a student identification number to identify the
students. Collect the answer shects and test booklets after cach
presontation and store in a safe place until they are requested. E

ERIC
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DO NOT TURN THE PAGE UNTIL THE’T"\CHER'TELLS You To DO so*

S, l N .
TELEVISION \ TEST,
- of
SCIENCE PROCESSES,

.. 2NTRODUCTIO A

This test is dif‘eren: ‘than many of the tests you take. It i1l

139

.involve what you sze on the telzvision screen. Checose your .answers

frem among the choices ziven in this booklet._ Vark your ‘Thoice on

the special answer. shec:. : -

Below are two prac::ce ques:ions. These will help you to understand-
what you are, to do. Wait for the :e‘evision intreduction be‘ore rou

b

begin. = - ..

. 109. FHere are 5 pleces or paper. Whick' piece of paper’is both
black and _square? ’ . ‘

1 ~ A, 1 - ' -
B. 2
c. 3
D. 4
E. 5 -

1
P°

110. Here is a baseball on a sloping board. When the ball is
released, what cxrecticn will, the ball 2o?
A. up the board \
'B. down the board:
C. stay where it 1s released
D. will rise in thé air ~ ‘ * c
E. both A and B (meining both‘Lp and down the board)
. I o »
|
|

oL

: i
DO NOT TURN THE PAGE UNTIL THE TEACHER TELLS YOU TO DO SO

1 . ;
S\
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1. This is a picture of 5 oieces of paggr. Which.statement 1dent1fies .
all: the dif:erences’ : - . :

A. 4 is a.different color EEN
B.. 2 is smaller '

C. 2 is smaller than all the others and 4 is a different color
D. 1, 3, 4, and 5 are the same size . .
E. 4 and 2 are different from each other o '

I 3 . .

2. This is a picture of 8§ pieces of paper. If you group them by shane,
- what is .the smallest number of gr oups vou ¢an mo&e7

o ‘

A. 1 C . .
B. 2 ’ / o - -
c. 3 | .
D. 4 / ’
E.. 57
3. Here are 7 tov airplates. Airplanes 1, 2; 4, and 6 make up a special
group., VWhat does this zrcup include? ° Y .
T o - b ) :
A, The planes that are modern jets S,
B, The.planes that are not-black and are modern jets :
2 C.. The planes that are black -

D. .The planes that are mot black
E. The planes that are gray and wnlte old-time 2—w1ng

‘airplanes S
L N o T
-4, This is a oicturz of nieces of paper which were left in the sun
for differant numbors o cavs. Wnich is th2 only thine vou can
_say,for quré bﬂscd on what vyou s@e in the pic ture?

. . Al Samp&e ]lfadeu more than sample 2 | A
. " B. All paper will continue to fade forever the longer thev
‘ are left! in the sun.
) ~ C.  Any pdper left in the sun will fade. .
- D. Both wples faded more by day.5 than'it had by daj 2
E.' Paper pi11 faq; in tHe sun, but cloth’ w111 not

(2]

B -

S. .This‘is a pictuye oj/S'things. Which of them_has-volume?i : \\\\

«

”// 0" * - -t N N
/ . . )
! Lt i} ‘ -~
J v . ‘
/ - ¢
[ . . i .
i : - <« - o, -

1
\
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{
6. Theré(;;e two pots of water on a‘stove. Which choice is the best
way of telling how they are different? '
A. Tﬂg»water is boiling in pot B : : -
B. -The gas is on in pot B : _
C. The Waterw=gets hot when the-gas is on = : .
D. ater is not boiling in pot A .
E. The water. is boilingz in pot 3, but it is,not
boiling in pot A-

7. Here are 5 ébjects. ‘Which of them is NOT in the same state of
matter (solid, liquid, gas) as all the others?

" A. The pencil
B. The water ! :
C. The toy whistle - T .o .
D. The ball .

E

+ The beads =,

8. This picture has 4 parts.. Each part shows a compass,:a bar magnet
and a curved magnet. In which two parts are three things arranged
in the same way? o

\

A. 1 and 3 . ‘\
B. 2 and 4

C. 1 and 4 N\
D. 2 and 3,

E. 1 and 2 :

S |
_ 9. Here are 5 objects. Which objects.could serve as paper.weighté?'

A

A. 1, 3, 4 and 5 - o N ' :
B. 3 and 4 . . \\ - ‘
©.+C. 1, 2 and 5 ' : \\ )
"D, 2 and 5 . A N
E. 2, 4 and 5 .

10. Here are 6 objects. Which objects can be used for\garrying water?

3, 4 and 6 .

A, 1, 2, o
B. 1, 2, 3 and 6 : A ' ‘ e -
'Cc. 1, 2, 3, 4 and 5 _ ’ N
D. 1, 2, 5 and 6 ' , -
. E. 1, 2,.3 and 5 N

11. Here dre 10 marbles and 5 other objects. Which objects can be used\”\\
‘to carry all 10 marbles at the sdame time? ' A
. !

A. 1, 3 and 3

"B, 1 and 5 -
C. 1, 3 and 4 .

D. 1, 2 and 3 .. . 153

E. 2, 3.1: 4 and 5




I3.

14,

15.

16.

17.
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Which temperature reading is 25 degrees lower than 15° Fahrenheit?

A. - 10° Fahrenheit
B. 15° Fahrenheit
C. = 25° Fahrenheit
D.- 0° Fahrenheit
' E. '40° Fahrenheit ° _
- L - . 7
This is a chart of information about 5 planets. Which of “these
planets nhas the longest year?

" A. Jupiter . b
B. Saturn - .
C. ‘Mars
D. Mercury
E. Uranus

Look at the chart again. Which 2 planets have about the sameblength
of day? ’ - ; : - '

A. Jupiter and Saturn

B. Mars and Jupiter

C. Mars and Uranus )
D.. Mercury and Uranus

E.. Mo two

'This is a graph of the boiling temperatures of 6 different liquids.‘
‘Which liquid has the lovest boiling temperatire?

\

A, Liquid 1 -
B. Liquid 2 .
C. Liquid 3

D. Liquid 5 >

E. Liquid 6

Look at thé'graﬁh again. Whicﬁ liquids have the same boiling
temperature? ' N : '

YA. 4 and 6 ¢
B. 3 and 4
C. 1l and 5
D. 1 and 2
E. 3 and 5

Here is a ball. Which of these would be best for measuring the
distance arocund this ball?

A Tape measure

B. Meter stick

C. Yard stick.

D.. 1-foot ruler : 1
E. 6 inch ruler '

(g
ot
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18. Here are 2 clocks. In picture A, it is 3:40 in the aftermoon. In
picture B it is 6:10 that evening. How much later was picture B

taken?

“A. 2 hours and 30 minutes
B. 6 hours and 10 minutes
3. 3 hours and 40 minutes
D. .9 hours and 50 minutes
E. 9 hours and 30 minutes

19. Which unit is used in_gxpreséing area?

A. Inch

‘B. Cubic centimeter L .

C. Yard o - P
D. Square yard ' :

E. Meter . .

20. ‘Which unit is used in measuring weight?

A. Gram

B. Kilometer

€. Cubic centimeter

D. Centinmeter . v )

"E. Meter v ' : o '
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21. This-is a picture of a box with its measurements shown-on it. What

- is the area of the top of the box? :
A. 20 square inches" ' 3

B. 300 square inches

C. 35 cubic inches

D. . 160 square inches

E. 35 square inches

¢

22. This is a marblé and a ruler. 1If the marble rolls from point A to
point B in 2 seconds at a steady speed, how fast is it going?

A. 12 inches per 2 seconds
*B. 24 ‘inches per second
C. 2 feet per’'second
D. 1/2 foot per second
E. 1 foot per ssecond

23. This i$ a picture of a box and 5 drawings. Which is the best
drawing of the box? :

A. 1
‘B. 2
c. 3
D. 4
E. 5 ¥

»

24. Which unit is used in measuring length?

A. Centimeter
B. Gram - . _ -
C. Square yard o
- D. Acre
E. ‘Quart -

25. Thig is a map. How far is it from North Town to Birch Falls? -

9 miles

A,
B. 18 mileés
C. 4°1/2 miles
D. 27 miles
~E. 6 3/4 miles

’26. Look at the map again. If you were using the same scale to draw
another map, how far apart would you place two towns which are 5
niles from each other? ‘

A. 10 inches -
B. 2/5 inches

<C. 5 inches

D. 15 inches

E. 1 feoot
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'f27. In which pair are the units closest in size?

A. Pound and kilometer

B. Yard and metergil e
.+ C. :Meter and-‘mile S : .
D. Gram and liter . o . .o

E. Centimeter and foot
28, These are two ice cube trays. One is filled with very hot water
: and one with cold water. Many people say: '""HOT WATER MAKES ICE
CUBES QUICKER THAN COLD WATER." Plan an experiment to test this.
Which choice would be the best. statement for helplng you'7 o

. A. The hotter the water you start with, the faster it
will freeze into ice cubes. . i
B. Hot water freezes into ice cubes faster.
* C., ‘Hot water freezes at hlgher temoeratures than cold
water., p
D. Hot water freezes into ice cubes faster because it
turns on the refrigerator.
E. Hot water makes steam — steam keeps the refrigerator

, - N goi"’gu

29. If you want to test the statement: "EOT WATER MAKES ICE CUBES
QUICKER THAN COLD WATER." ‘Which factor is the only one you
should allow to change during the experiment? "i :

A. The temperature of the water you use.

B. The amount of water in each tra¥.

C. The position of the travs in the freezer.-

D. ' The refrigerator in which you put the trays.

-E. The kind of trays )ou use. . ,

. 30. . This'is graph of the results of an experiment. 200 seeds’ that
~ were 10 years old and 200 new seeds were planted 1n good soil and
watered eatch day.

100 old seeds were put in a cool place

100 old seeds were put in a warm place

N : - 100 new ‘seeds were put.in a cool place

'100 new seeds werc put in a warm place‘ ,

. . Five thirgs which may affect the growth of the seeds are: water,
heat, soil, age, and light. Which of these-were tested? ’

A. Heat and age only

B. Soil, heat and light only

C. Heat, soil, age and light only o
D. Water and soil only . - : \
E. Water and age only : o

168 . f.:' | ﬂ
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31. Look at the graph again. Here are some things you can see on the
graph: ' re .
1. 182 seeds sprouted
2. 200 seeds were 10 years old
3. 200 seeds were new
4. 200 seeds were kept warm
5. 200 seeds were kept cool
Which one happened because of all the others°'

A. 1
B, 2
c. 3
D. 4
E. 5

— . »
’ f32.. Here are 5 containers which will be left out in a thunder storm.
Which is the best container to use to find out how many inches of

rain will fall?

Mo Owy>
W& WM

‘33, "Here are 4 screws and 4 rpagnets. Which statement CAXNOT be made
" . just from looking at the picture? o

A. Screws 2 asd ‘3 have big .heads.
B. Screws 2 and 3 are sticking to their magnets.
C. Some screws are made I*om a metal vhich is not
magaetic, :

D: All the screws with big heads .in this p1cture are .

) ‘sticking to their magnets. : ‘

“ " E. Screws 1l and 4 are not st1ck1ng tortheir magnets.
. 34, Here is some string. The manufacturer claims it will ‘hold at least
100 1bs. What is the best way.to check this?

A. °Hang a we1°nt of 75 pounds on the string, and keep
adding l-pound weights uatil it breaks.

B. Hang a 100--pound weight on the strlng and see 1f it

- breaks.

C.  Let two 100-pound boys pull on each cnd of a piece of
the string-and see if it breaks.

D. Hang 10l pounds on the string and sece if it breaks.

E. Double the string and hang 50 pounds from it, z:d
see if it breaks. :

- 189
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35.J This is a chart of the change in length of a metal bar as it is

heated What is its length at 40° C.?

A. 101 Centimeters'

B. 101.5 centimeters

C. 102 centimeters , ,

D. 102.5 centimeters ' . -

E. 103 centimeters" ’

36, Look at the chart again. Nhat wi;l the length of the bar probably
be at 100 c.? ' y
A. 103 5 centimeters'
B.: 104 centimeters
C. 104.5 centimeters
D. 105 centimeters e
E. 105.5 centimeters

~

37. Whathis the best way to check the answers to the last two questions?

A. Measure the bar at 100° C. and then graph all the
numbers to check your answers.
B. - Measure the bar at 120° C. and then make a oraph of all
~ the numbers to check your answers. ' -
C. Put all your answers on the chart and see 1f they look
~ correct.
D. Measure the bar at least 5 times at other temperatures
' and campare what you find with your answers. g
E. Measure the bar. at 40° C. and at 100° C. and compare what
: you f£ind with your ansuers. ;
38, These are 2 pictures of a battery, a bulb, a svmtch and some .
. wires. Wnich is the only tning you can be sure is different bet veen
the pictures? "
A. - The bulb was replaced for picture 2.
B. The wires were tightened for piéture 2,
C. The bulb was screwed in for picture 2,
‘D. The battery was electrically recharged-for picture 2.
E. Electricity is flowing thrdugh.the bulb in picture 2.

39. If you want to prove that "NOT ALL THINGS GET BIGGER AS YOU.HEAT
- THEM," Vhat would you need to do’ i

A. Find one thing that does not get bigger when it is
heated. a

B. Find all the thlngs that do-not ‘get bigger when they
. are heated. o :
C. Find one thing that gets bigger when it is heated.
D. Find all the things that get bigger nnen they are heated.
E. - Find 211 the thlrgs tnat co not change size when they are
heated. ‘

160
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“40. 1f you want to make, this statement: "THE COLDER.A CITY -IS, THE
MORE SNOW IT HAS," What do you need to know about some cities’
\
- A. The average temperature of each city and the number ‘
. af_ snow plows each has.: . = - . "
B. The number of days school was closed in each-city;
~ because of snaw. . o
C. “The average temperature and precipitation of each city.
D. The average temperature and ‘average snowfall of each
‘eity. _ | :
E. The average number of times it snows in each city.

\

©m—
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 Discussion of Additional Findings - 1
' ]

In'conjunction with the science supervisor and adhering to strict
]

rules of confldentiality, two hundred, fifteen fifth grade students of

‘the Lewisburg Area’ School System ware ooded and scores of their ’

e

fperfqrmance on fifteen variables were recorded-on a data matrix. Data
" were transferred to EDP ‘cards and processed at. the Computer Center of
The Pennsylvania State University using the Pearson product-moment

”.correlation and the Factor Analysis of the Statistical Package Program.

) Variables'included: (1) the total score of the Television Test of

Science Processes, (2) scores of those questions within the TTSP

identified by Tannenbaum as classification questions, (3) the total :-

score of The Science Process Test, (4) the. time in minutes required by

the students to take The Science Process Test, (5) the verbal score of.

a-

the Short Form Test of Academic Aptitude (SFTAA), (6) the non—verbal

score of the SFTAA (7) the weighted total score of the SFTAA,

(8) .the reading vocabulary $core of the Comprehensive Test of Basic

Skills (CTBS), (9) the reading comprehensiwn score of the CTBS,

(10) the we:ghted language total score of ‘the CTBS (11) the math
score of the CTBS, (12) the science score of the CTBS, (13) the
social studies score of the CTBS, (14) the sciende grade on the mid-
year report card given on a continuum of 0 through 4, nd (15) the
Otis-Lenon T. Q. score recorded for those of the validity population
who athnded school in g ade four in the Lewisburg Area School

District." N _ ' ©
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<

CA summary of the Pearson prodoct—moment correlation of the

- v

fifteen variables is shown in Table Llin Chapter 4, The~correlation§

.._.r.

of the TTSP totat—score'with all” the variables, excepting variables

2 and 4 were: moderately to highly correlated and were significant am
. i
l

.the one percent level. The low cox;glation between the TTSP and

i,

a

© variable 2, tnedidentified"c1assification questions on the TTSP,

o

could be explained by the small number.of,questions (four) identified

as classification. The low correlation between the TTSP and

variable 4, the time in minutes required to take The Science Process °

_____IestT—was—expected“~—VariabIe_ﬂ—aoes not correlate witn\any of ‘the -
pu variables. A low negat1ve correlation is the characteristic pattern
for performance ti;e with mea3ures of achievement (Roberts, 1967).
A summary of the factor analysis sh0ws that all variables except
2 and'4 have high factor loadings.on Factor 1. 1In addition/ Factors .
. 2 and 4 are defined by one variable only and‘the Yarlableé_that define
Factors 2 and 4 are different;-;TnErefore, it appears tHat all the
variables assess one strong general facLor. Table 12 éhOWS a summary
“of the pr1nc1p]e component analy51s for Factor 1. The complete
. computer printout for the PPMER and the Final Propram is shown in
Appendix M. Factor 1 accounts for 65.71 percent of tne'variance.
.. This wasvsimilar to what was found in the work by Tannenbaun (1968) .and
Ludeman (1974). ; |
o Tannenbaum, in searching for the oniqueness of his subscores,
subjected his data to a factor analysis'of the matrix of inter-

9

correlations of his subscores. He states:

210
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'TABLE 12

PRINCIPLE COMPONENTS FACTOR ANALYSIS FOR FACTOR ONE.

VARTABLE FACTOR LOADING  VARIABLE FACTOR ‘LOADLIG

1 738 8. 908, - .
2 j“ .157 ' 9 S 879- h
3 o889 o .§é;% f
PR -.083 S 893

5 . .888 12 . .876

6 843 13 894

7 | 949 14 749,

’ 15 .87

The analysis was first performed with unity in the
principle diagonal and the result .was one general
factor, about evenly weighted on all subscores,
- which accounted for about ten percent of the variance.
" No other  factors accounted for as much as eight
percent of the variance.

By rotating the first two factors, it was possible
to force them to appear to be a first-half-of-the-
‘test factor and a second-half-of-the-test factor.
But this was not very obvious and a much more
defensible interpretation would be one general e
factor (perhaps "intelligence") and no other
significant factors. (Tannenbaum, 1968, p. 114)

It would seem that the most reasonable conclusion to
be drawn from the factor analysis is that there is
one large general factor- (probably "intelligence')
which accounts for about half of the non-error '
variance and that there are probably no other major

\‘1‘ : R . . . 2.!.1‘
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\

factors which involve more than one of the sub-.

scores. This leaves about fifty percent of the

Q : pon-error variance to be ‘accounted for by the y,

‘ individual subscores. (Tannenbaum, 1968, p. 117) '

< .
Tannenbaum urges caution in the use of subscores due to their low

** reliabilities.
The date of Ludeman (1974) did not permit reJection of the null
form of his hypothesis that the: Intevrated Process which a given test
- item assesses will be indicated by the students scores on the item
having a significantly higher correlation with their scores.on that

Integrated Process subtest than on any . other subtest on the

Individual Competency Measures. "In his d1scuss1on, Ludeman concluded

To elucidate the absence of significant differences
among the TSPT item -~ Individual Competency Measures
subscale correlations, the intercorrelation among the
Integrated Processes subscales of the Individual
Competency Measures were calculated. A t test. of
., _ significance of differences indicated no significant
differences at the .01 level. Thus, it can be
argued that they are ‘all measuring similar abilities
" and so, it would be very hard to find a test item
that would correlate significantly higher with one.
subtest than with another. (Ludeman,,l974 pp. 60-61)

i

Factor 1 accdunts for 65.51 percent of the trace on the Principle
hComponent Analvsis. It could be inferred that approéimateiy'two—thirds
of the variance of the measures of science processes can be accounted

for by intelligence, reading ability, ‘general achievement,vetc.
Possibly the characteristic being asscssed'in science process tests
simply reflects génerai problem solving ability; Also, the unique

skills and abilities identified as the-processes of observi%g, com-

.paring, measuring, etc. are not totally unique or mutually exclusive.

| X\
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While there is much agreement oa the ﬁeed for the benefit from
includingAwithin the tgaching—learning procéss aéti?ities which utilize
those skills and abilities é;tributed to scieﬁtists and tbe scientific
method‘which‘colléctively are called science ¢rocesses, a conclusion -

© can Be drawn that there is no unified definition or enumeration of
thqge éeparate and semantically @déﬁttfiable processes. Also, the
validiff(of a test instrument designed to mea;ure a student's

‘ pérformance in his ability to use those processesAmﬁst, in the absence .
bf;an'émpiricallyhunique gharacteristio.or cognitive fuhction{ rely
heavily on face(orAcontent &alidity. A measure of the unique procesﬁ
ability or characﬁeristic rests to a large degree on inferences derivedh

empirically from data which suggests performance on charécteristigé

which are similar and gene;alizable withip the Perimeters of én

P

aécepted definition.
}n‘sn effort to isolate the unique ébility or characteristic,

the.data generateé from the validity study was further examip;d.” of

" the fifteen vafiables summarized in Table 11, variables 2; 4;(7, 10,
and 15 were elimindted from. the §été. Yariableé 2 (TTSP classification
“score), 4 (ISPT time), %“(SFTAA total score), and 10 (CTBS iénguage
total score)_were dependent scores; that is, thege yariables are the
weighted sum of other variables; and eliminated from the daga.

\iYaFiabICAIS ﬁOtis—Lénon 1.Q.) was eliminated because of the small
ﬁ;ﬁber of data points iﬂ 6he'samplet

Pearson product-moment intercorrelations were computed- for. all

variables and“then factor analyzed using t%e principal components

u
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program Fanal. Interations were continued until a criterion of one
percent of the total variance was met. In addition?"factors were

rotated "to simple structure using the Varimax-proéiam. Two factors

. were found. ' Cot

A summary of the rotated matrix of fagtof ldadingéiis~summarized

in Table 13,

. | TABLE 13

THE ROTATED MATRIX OF FACTOR LOADINGS OF TEN VARIABLES

3

?

(] 3

| VARTABLE FAcToﬁ 1 | FACTOR 2
TTSP. .348, o . .763
TSPT | . 658 . .60
SFT-VERB . L .872 - 326

T~ : . , .
SFT-NON = © 464 .748
vOcAB | .836 - o :433
COMP 0 S D o 405
MATH | : © .sgo , 3 - .684
SCIENCE . o .736 f- .510

. S0C-ST N 768 S s .50l

 RPT-CARD 1319 o .793

‘The complete computer printout for the Varimax Rotation is shown.in

Appendix 0. Given an arbitrary loading criteria of .3, all the variables

a14 .




* load significantly on both factors. However, the data shows the

variables grouping more heavily on Factor 1 are the SFTAA’ verbal

> score,'the CTBS reading vocabulafy score, and the CTBS reading

{ comprehension score.’ Those variables grouping more heavily on

(U

Factor 2 are the TTSP and the science grade on the mid-year report

card. The Television Test of Science Processes, while moderately to

highly correlated with a11 the independent variables, is most highly
‘correlated on the factor rotation with report card grades. If those
characteristics identified, measured, and recorded on course grade
report cards reflect student proficiency in the science processes to
soneddegree, it then must be inferred that the high correlation.oﬁ
the TTSP to these report card grades is a strong statement of

'criterionQrelated validity of the instrument.' A conclusion can be

inferred from the data that the Television Test of Science Processes

v

is a statist1ca11y reliable and valid instrument to assess achievemend

_is_the science processes for students in grades five and six.
) . . . )
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i APPENDIX O

, COMPUTER PRINTOUT OF THE STATISTICAL PACKAGE
PROGRAM OF THE VALIDITY. SAMPLE ON TEN SELECTED VARIABLES .
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The Television Test of Science Processes

In 1972, The Pennsy1vania'State University and the Pennsylnania
,Depattment of Education (PDE; devised a system for using instructional )
_ television ag a major resource in the implementation of Science for
the Seventies (SFTS), a statewlde thrust to assist elementary teachers-
in a transition into some of the newer methods of teaching science.

One of the_objectives of this:iTV resource is to measu;e student

cOmpetency in the use of science processeg via a televised test.

_ A review of the literature found no test with the combined
requirements of being content valid for use by intermediate level '

students ‘and for administration via television. Of the available

tests, the Test of Science Processes (TSP) was found adaptable for

revision because it possessed content validity. Most applicable to
tne SFTS demands was its visual presentation mode which had implication
for the television format

There were two aspects to the problem investigated in this study
First, could the TSP be modified for use by intermediate level
students?- Second{ could the TSP be adapted as a reliabie and vaiid
test for use through the medium of television?

'An item pool was generated from the ninety-six -items of the TSP
which were identified as representative,of tne process skills and

" their applicability to intermediate level students.

f
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A prototype Television Test of Science Processes (TTSP) was

-formulated. The print component consisted of a, television test i
booklet and teacher's manual. The verbal message gas-modified and

LT :
subjected to -two readability méasures. Vocabuiary and syntax were

N

- computed to be at the third grade level. .~

s

The non-print component was, reviewed and_organized in a television
script into the audio and visual modes.” The total information utilized
was the neCessary introductory-comments and audio digections for test
taking and the narration of the test questions. asing the productiond
studio of WPSX, Form A of the TTSP was produced on two-inch tape of
broadcast quality.

A study to ascertain thebappropriate timing for -each of 'the
visuals was conductedéf(A cutting time was generated for each -question
and the video tape was edited to hecome Form B of the’test instrument.
A piiot’exposure to derive item analysis data was conducted and, based
on their oiserial coefficients andvitem difficulties, forty'items'uere
identified for inclusion into Form C. Revision of the entire print
and non-print component. was affected. An edit of the video tape was
cbnducted to include appropriate credits and tolconform to the'time.
limits of two_thirty—minute programs required for public btoadcasting.

" To dete;mine‘validity, two hundred, fifteen students of a large

central Pennsylvania school system were given the TTSP, the Science

Process Test (TSPT) and the Science  Test of the Comprehensive Tests of

Basic Skills (CTBS). These and other data were factor analyzed. The

TTSP, Form C was found moderately to highly correlated with TSPT and

the Science Test of the CTBS.
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-lfst resdlts from three thousand, four hundred»eightj.fifth
grade students from nineteen school systems were processed and used
for developing initial norms |

" The data suggests content validity, appropriate readability,‘
internal reliability coefficients, approximating comparable reliability
'coefficients of tests of science processes, criterion related validity

6

through moderate to high correlation with similar instruments, and a
'norming distribution'pith a moderate unimodal skew approximating a
'normal curve. It can be inferred that the successful formulation_of
ythe TTSP implies that the TSP has-been modified for use'forcintermediate

level students and has been adapted for use through the medium of

television.
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